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VI^  International  Inland  Navigation  Congress 

THE   HAGUE,   1894. 


Tolls  on  Navigable  Ways. 

Report  by 
HANS    HATSCHEE,     Dr.    jur., 

Chairman  of  the  Magdebnrg  Chamber  of  Commerce. 


I  must  unfortunately  commence  this  report  by  excuses,  for  being 
called  at  the  last  hour  to  replace  as  reporter  for  Germany  Mr.  Strohler, 
the  Director  of  Railways  and  Navigation  in  Berlin,  from  whom  it  was 
at  first  hoped  this  work  would  emanate,  I  recognised  immediately  how 
great  would  be  the  diflSculty  of  a  profound  study  of  the  question.  In 
fact  it  appeared  impossible  in  the  short  space  of  time  remaining  to 
collect  the  tariffs  of  all  dues  in  force  and  to  become  acquainted  with  all 
the  various  data,  which  have  been  gathered  concerning  canal  dues  and 
other  questions  of  the  same  kind.  Besides  this  the  exercise  of  my 
usual  functions  and  other  literary  work  left  me  very  little  leisure  for 
the  preparation  of  the  present  report. 

Nevertheless,  I  did  not  believe  it  my  duty  to  decline  the  friendly 
offer  of  the  charge,  being  convinced  that  my  work  would,  in  spite 
of  its  deficiencies  and  its  insufficient  data  and  although  restricted  to 
principal  questions,  still  find  favour  with  the  Congress. 

It  is  with  pleasure  also  that  I  have  drawn  upon  the  reports  presented 
from  other  countries  to  the  Paris  Congress. 

I  have  found  among  them  some  valuable  information.  I  have  likewise 
made  use  of  the  fact  that  the  question  of  tolls  on  fluvial  ways  was 
debated  on  several  occasions  last  year  in  Prussia. 

In  this  way  I  have  found  it  possible  to  insert  in  this  report  some  com- 
munications which  will  not  be  void  of  all  interest  even  for  other 
assemblies. 

The  question  whether  the  existence  of  dues  on  navigable  ways  (I 
employ  purposely  this  current  expression  in  order  not  to  enter  imme- 
diately on  the   discussion  of  the  designation  of  these  dues  as  Customs 


dues  or  taxes;  my  opinion  on  this  subject  is  given  in  the  first  part  of 
the  report)  rests  on  a  good  foundation  has  not  been  treated  here  more 
than  was  necessary,  as  I  consider  it  has  been  resolved  by  the  debates  in 
Paris. 

I  have  taken  the  liberty  of  treating  more  amply  the  question  of  the 
amount  of  these  dues  and  other  points  named  as  being  debatable  at  the 
present  Congress.  As  regards  other  countries  I  have  been  able  to  refer  to 
the  data  of  the  work  of  the  Paris  Congress.  That  which  I  advance  con- 
cerning the  situation  in  Germany  is  based  on  statistics,  official  as  well  as 
private  and  the  communications  which  I  have  received  are  most  reliable 
and  are  derived  from  the  best  sources. 

I  have  the  pleasure  and  the  agreeable  duty  of  returning  my  hearty 
thanks  for  the  documents  which  have  been  kindly  placed  at  my  disposal. 

To  the  representatives  of  the  Central  Berlin  Union  for  the  improve- 
ment of  River  Navigation ;  to  Mr.  Emil  Andraea,  ship-owner  of  Magde- 
burg and  Mr.  Geck,  engineer  of  Hanover,  whose  experience  has  been  of 
great  assistance  to  me  in  various  instances,  and  finally  to  my  colleagues 
Mr.  GoTHEiN  of  Breslau,  Dr.  Wermert  of  Halle,  Mr.  Hirschberg  of 
Bromberg  and  Mr.  Simon  of  Konigsberg,  who  have  so  obligingly  obtained 
for  me  tariffs  of  dues  and  other  documents. 

Perhaps  in  judging  this  report  with  the  indulgence  which  I  solicit  for 
it,  my  readers  will  find,  in  spite  of  all  its  imperfections  and  deficiencies 
some  things  useful  to  render  more  clear  the  question  we  are  studying. 

(signed)  Hans  Hatschek,  Dr.  jur. 
Magdeburg,  May  7*^  1894. 


I.  FUNDAMENTAL  QUESTION,  CHARACTER  OF  DUES  ON 

NAVIGABLE  WAYS. 

The  5**^  International  Congress  at  Paris  has  already  examined  the  ques- 
tion of  tolls  and  taxes  on  canals.  It  has  expressed  as  a  principle  that 
navigation  should  be  as  far  as  possible  exempt  from  all  impositions.  But 
it  adjudged  admissible  the  establishment  of  certain  dues  in  cases  where 
means  were  wanting  to  cover  the  cost  of  extensions  required  by  naviga- 
ble ways. 

This  resolution  of  the  Congress,  regarded  as  general,  was  the  opinion 
of  the  majority,  if  not  of  all  of  the  delegates.  A  great  number  of 
them  voted  for  the  complete  liberation  of  navigable  ways  from  all  im- 
positions. 

If  we  analyse  the  resolultion  of  the  Paris  Congress  and  the  debates  to 
which  it  gave  rise,  we  draw  the  following  conclusions: 

1^^  Dues  are  admissible  under  certain  conditions. 

2nd  They  are  only  admissible  in  default  of  means  for  the  extension  of 
navigable  ways,  or  for  the  construction  or  improvement  of  a  naviga- 
ble way. 

3^^  The  dues  collected  are  destined  solely  for  the  execution  of  works 
on  navigable  ways. 

Besides  this,  all  the  delegates  having  adopted  the  resolution,  were 
unanimous  in  acknowledging  that  dues  should  never  take  the  nature  of 
a  tax,  that  they  should  never  be  a  source  of  revenue  to  the  State,  but 
should  only  help  to  cover  the  expenses  connected  with  the  navigable 
ways.  Without  entering  deeper  into  this  general  question,  which  has  been 
so  entirely  solved  by  the  Paris  Congress,  I  think  it  still  my  duty  to  add 
briefly  my  opinion.  In  the  first  place  I  must  state  that  I  entirely  share 
this  opinion  that  navigation  dues  should  never  become  taxes,  but  that 
dues  levied  for  works  of  canalisation  are  admissible  on  account  even  of 
the  urgency  of  these  works.  It  appears  to  me  to  be  right,  also,  to  con- 
sider differently  the  question  of  dues  accordingly  as  it  refers  to  private 
navigable  ways  or  to  ways  of  communication  constructed  by  the  State 
(or  the  communal  committees,  provinces,  districts  and  communes). 

While  as  regards  the  first,  the  dues  collected  furnish  the  interest  of  the 
capital  as  well  as  amortisation  and  public  interest  is  not  concerned  * 
except  in  so  far  as  it  is  necessary  to  guard  against  any  abuse  of  monopoly 
in  an  undertaking  of  this  nature,  in  the  second  case  on  the  navigable 
ways  of  the  State  (and  by  this  word  I  include  works  of  communal  com- 
mittees, provinces,  districts  etc.)  it  is  public  interest  alone  which  has  to 
be  taken  into  consideration. 

The  State  or  the  communal  committees  should  build  canals,  render  the 
rivers  navigable  or  regulate  their  course,  when  it  is  a  question  of  general 
interest,  but  not  when  it  is  a  matter  of  speculation. 


The  return  of  a  canal,  which  is  for  private  persons  of  first  importance 
should  be  for  the  State  merely  a  secondary  consideration  and  then  only 
when  the  parties  interested  themselves  benefit  by  the  tax. 

But  who  are  the  parties  interested?  Not  only  the  persons  who  navigate 
the  way,  but  their  supporters,  industry  and  commerce,  which  feel 
the  advantage  of  the  diminution  in  prices  of  transport  on  the  naviga- 
ble ways. 

Certainly  the  manufacturer  or  the  merchant  cannot  pay  this  tax 
directly  in  the  shape  of  a  navigation  toll  on  the  canalised  ways;  at  least 
this  measure  would  present  very  great  difficulties,  for  it  would  necessitate 
a  search  for  the  unique  freighter  etc. 

For  this  reason  the  dues  are  imposed  on  the  person  using  the  canal, 
who  can  arrange  that  they  are  shared  at  least  in  part,  by  means  of  the 
fireight,  by  his  supporter,  who  is  certainly  in  some  way  an  interested 
party  and  perhaps  even  the  principally  interested  party  in  the  affair. 

This  therefore  is  the  basis  of  the  establishment  of  navigation  dues.  The 
due  is  not  imposed  for  the  benefit  of  the  persons  using  the  waterway  and 
can  consequently  not  be  regulated  with  regard  to  the  prosperity  of  their 
affairs.  Neither  is  it  compensation  for  expense  occasioned  to  the  founders 
by  the  construction  of  the  canalised  way;  consequently  it  cannot  be 
based  on  the  cost  of  construction  of  the  canalised  way  or  any  part  of  it. 
If  this  principle  were  admitted  the  dues  imposed  would  have  to  be  much 
higher  on  canals,  the  construction  of  which  had  been  costly  and  would 
have  to  be  raised  for  each  part  of  the  canal  the  respective  construction  of 
which  had  caused  great  expense.  No  reason  exists  for  any  such  system  if 
we  lay  aside  the  question  of  convenience  and  practical  execution.  The  only 
right  principle  seems  to  me  to  be  rather  that  the  dues  are  a  tax  resulting 
from  the  profits  of  the  canalised  way  and  its  navigation. 

The  navigation  and  indirectly  those  interested  in  navigation  have  to 
pay  only  for  the  economical  advantage  which  the  canalised  way  affords 
them;  for  the  other  part  is  borne  by  the  State,  which  has  to  take 
into  consideration  the  public  interest  connected  with  the  construction  of 
the  navigable  way,  the  benefits  which  will  be  eventually  realised  by 
other  branches  of  industry  and  the  common  taxes  which  are  enforced  by 
these  facts. 

In  one  word,  navigation  dues  should  be  a  tax,  not  for  the  use  of  navi- 
gable ways  and  their  plant,  but  a  tax  for  the  general  economical  utility 
of  navigable  ways. 

In  this  way  we  regard  the  dues  as  a  contribution  towards  taxes,  which 
according  to  these  principles  should  not  press  too  heavily  on  those 
interested,  but  be  a  sort  of  participation  on  their  side. 

In  cases  where  the  dues  are  so  high  that  the  natural  benefit  resulting 
from  the  much  lesser  cost  of  transport  by  water,  compared  with  transport 
by    land,   is  lessened,   or   even   entirely   disappears,   the   dues   are   false 


and  unfounded;  the  economical  advantage  disappears,  as  a  due  is 
claimed  for  which  no  compensation  is  given. 

In  this  manner  we  may  take  as  a  basis  the  general  principle  of  a 
tax  for  economical  advantage  and  deduct  from  it  the  principles  neces- 
sary for  the  regulation  of  dues,  their  suppression  and  several  other 
questions. 

Among  the  questions  to  be  here  discussed  that  of  the  amount  of  the 
dues  and  their  limitations  seems  to  me  to  be  the  most  important.  On 
the  one  hand  the  amount  depends  on  the  construction  and  on  the 
prosperity  of  the  navigation;  on  the  other  hand,  precisely  in  regard  to 
this  question  of  the  amount  of  the  dues,  there  has  been  lately  —  at  least 
in  Prussia  —  a  demand  made  for  a  higher  tax  on  navigation,  at  a 
time  when  the  railways  are  endeavouring  to  take  away  as  much  traffic 
as  possible  from  navigation  by  reducing  their  tariffs  often  to  cost  price 
and  sometimes  even  below  it.  In  conclusion,  I  will  observe  that  the 
continuation  of  this  report  will  treat  only  of  navigation  dues.  The  question 
of  port  dues  and  dues  for  the  use  of  navigation  plant  is  here  neglected 
on  account  of  the  divergence  of  these  subjects  from  the  principal  subject, 
as  well  as  for  want  of  data  concerning  tariffs  of  ports  etc. 

II.    AMOUNT  OF  DUES.  UNIT  OF   THEIR  APPLICATION. 

In  accordance  with  the  remarks  already  made  we  possess  the  elements 
for  solving  this  question. 

The  bases  of  limitation  and  fixation  of  navigation  dues  (we  are  of  course 
understood  always  to  speak  of  canals  and  navigable  rivers)  are  derived 
from,  on  the  one  hand,  the  first  principle  expressed,  viz.  a  tax  that  may 
be  imposed  on  interested  parties  for  the  expenses  of  establishment  and 
working,  for  interest  on  and  amortisation  of  the  capital,  and  for 
expenses  of  maintenance  and  management;  and,  on  the  other  hand,  in 
accordance  with  the  second  principle  expressed  above  that  the  dues  are 
merely  an  indemnification,  a  tax  for  economical  utility. 

The  limits  of  the  amounts  of  dues  may  be  fixed  on  the  one  hand  by 
taking  into  account  that  the  State  (we  do  not  speak  here  of  private  navi- 
gable ways  for  which  there  are  other  rules  which  we  shall  mention 
later  on)  will  take  upon  itself  a  part  of  the  expense;  and  on  the  other 
hand,  the  fact  that  by  the  payment  of  these  taxes  the  parties  interested 
reserve  to  themselves  an  economical  advantage.  The  first  principle  which 
we  have  expressed  has  been  until  lately  unanimously  accepted;  its  appli- 
cation also  always  gave  a  good  result,  inasmuch  as  it  was  admitted 
that  the  amount  of  the  tax  should  only  reach  the  sum  necessary  to  cover 
the  expenses  of  maintenance  and  management  and  at  the  most  render 
a  moderate  return  to  the  capital. 

One  of  the  reporters  at  the  Paris  Congress,  Mr.  Sympher,  Inspector  of 


Navigation  Construction,  stated  in  his  report  that  the  total  of  the  sums 
devoted  by  the  German  government  to  the  maintenance  and  management 
of  navigation  ways  during  the  years  1881  to  1890  amounted  to  an  average 
of  about  12  millions  of  marks,  and  this  total  only  differs  from  that  of 
the  amount  received  as  dues  by  2  millions  of  marks.  For  Prussia  alone, 
Mr.  Sympher  gives  an  excess  of  ordinary  expenses  over  receipts  of  6.6 
millions  of  marks  and  that  with  a  total  outlay  of  8.3  millions  of  marks; 
there  is  here  no  question  of  unforeseen  expenses. 

I  have  been  allowed  to  have  at  my  disposal  a  document  (1)  communi- 
cated by  the  Prussian  Gk)vernment  to  the  Commission  on  the  Budget  in 
Parliament  treating  the  subject  of  the  canalised  ways  of  the  Kingdom  on 
which  tolls  are  collected  for  the  benefit  of  the  State.  It  appears  from  this 
document  (See  Annex  I)  that  the  expenses  of  the  maintenance  and  im- 
provement of  these  canals  reached  in  the  years  1889  to  1891  a  capital  of 
78,063,928  marks,  for  the  technical  part,  and  the  collection  of  tolls  on 
the  canals  and  foreseen  expenses  to  1,375,166  marks. 

The  interest  at  SVs  ^/o  o^  ^^^  capital  and  the  amount  of  expenses 
of  management  and  maintenance  would  give  together  4,107,404  marks, 
while  the  total  receipts  collected  were  1,160,999  marks  and  thus  less 
by  214,167  marks  than  the  total  of  the  expenses  of  maintenance  and 
management. 

These  figures  agree  with  those  given  by  Mr.  Sympher. 

They  present  again  a  deficit  in  dues  received,  as  compared  with  expenses 
of  maintenance  and  management. 

That  the  difference  shown  here  is  not  so  important,  is  explained  by 
the  fact  that  the  expenses  only  of  canals  on  which  tolls  are  levied  are 
mentioned  and  not  the  total  expense  of  maintenance  and  management 
of  all  navigable  ways.  Besides,  in  the  figures  given  by  Mr.  Sympher  is 
included  a  sum  of  732,000  marks  derived  from  the  collection  of  port  dues. 

It  is  very  clear  from  these  figures  that  up  to  the  present  neither 
Prussia  nor  Germany  has  had  the  intention  of  drawing  from  the  navi- 
gation dues  levied  on  canalised  ways  any  interest  or  amortisation 
whatever  for  the  expense  of  construction. 

The  same  was  likewise  said  in  Paris  by  the  reporter  from  Holland,  the 
chief  engineer  Mr.  Deeing  Dura,  as  well  as  by  others  from  different 
countries. 

France,  where  canals  being  the  property  of  the  State  have  been  hitherto 
open  free  to  traffic,  and  England,  which  suffers  from  a  want  of  naviga- 
ble ways,  being  left  out  of  account,  I  believe  I  may  state,  that  up  to 
the  present  time  no  country  has  any  intention  of  drawing  from  a  fiscal 


(1)   For  the  use   of  these  very  interesting  data  I  am  indebted  to  the  kindness  of  my 
respected  colleague  Mr.  Gotheen  of  Breslau. 


point  of  view  any  return  whatever  from  its  canals,  but  merely  the  sums 
necessary  for  their  maintenance. 

In  Prussia  the  views  of  the  Grovernment  have  so  much  changed  that 
on  certain  canalised  ways,  for  instance  on  the  canal  of  the  county  of 
Marck  between  the  Elbe  and  the  Oder,  the  tolls,  which  were  formerly 
not  high,  have  been  raised  so  much  that  it  is  estimated  that  this 
augmentation  of  receipts  will  cover,  not  only  the  expense  of  maintenance, 
but  also  a  part  of  the  interest  of  the  capital. 

According    to    the    above   mentioned   document,    notwithstanding   the 
moderation   of  the   estimate,   the  receipts  of  the  canals  of  the  county  of 
Marck  for  the  year  1893—94  will  amount  to 
1,017,768  marks,  against 

873,285  marks  for  expenses  of  maintenance  and  management,  and 
1,938,289  marks,  amount  of  interest  on  the  capital  engaged  at  S'/s  ^Iq. 
So  that  there  is   a   surplus   of  144,473   marks  over  the   expenses   of 
management  and  maintenance. 

That  is  according  to  the  estimate  of  parties  interested,  but  probably 
there  will  he  still  much  more.  For  the  great  canal  now  projected  from 
the  Rhine  to  the  Elbe  there  is  a  prospect  of  heavy  navigation  dues, 
which  will  much  exceed  the  toll  of  9  pfennigs  per  kilometric  ton,  the  toll 
spoken  of  by  Mr.  Sympher  and  which  is  about  the  average  toll  in  force 
on  canalised  ways  at  the  present  day. 

It  is  calculated  that  with  these  higher  tolls  and  the  probable  navigation 
there  will  be  found  a  return  of  S^i  ^/o  on  the  capital. 

Persons  interested  in  the  canal  named  the  Mittelland  Kanal  (which 
will  run  from  the  canal  from  Dortmund  to  Emt^hafen,  now  in  course  of 
construction,  to  the  Elbe  and  the  Weser)  have  in  a  report  (1)  proposed 
and  demonstrated  the  utility  of  raising  the  tolls  by  5  pfennigs  per 
kilometric  ton,  which  will  give  for  the  canal  an  interest  on  the  capital  of 
3Vi  %  and  an  amortisation  of  Vio  ^/o- 

In  the  project  recently  submitted  to,  and  unfortunately  rejected-by, 
the  Prussian  Landdag  of  a  canal  from  Dortmund  to  the  Rhine,  the 
basis  was  formulated  on  a  toll  of  1  pfennig  per  kilometric  ton. 

According  to  the  opinion  of  the  Government  and  many  interested  parties, 

these  dues  would  be  sufficient  to  produce  and  even  assure  a  return  on  the 

canal.   At  the   time   of  the  discussion  on   the  project  of  this  canal  the 

conservative  party  emitted  the  following  resolution. 

That  the  Government  should  be  requested: 

1»*.   When   fixing  canal  dues  to  take  into  consideration  the  covering  of 


(i)  "^Der  binnenldndsche  Rhein-Weser-Elbekanal  nach  det%  neu&n  Entwurfenn  com- 
missioned by  the  «Verein  fur  Hebung  der  Fluss  u.  Kanalschiilfahrt  fur  Niedersachsenn 
in  Hanover,  and  published  by  Fritz  Geck,  Engineer,  Hanover,  1894. 
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the  expense  of  managemeDt  and  maintenance  and  of  a  corresponding 
interest  on  the  capital,  and  to  make  a  trial  of  the  application  of  the  prin- 
ciple to  the  tolls  on  existing  canals  in  so  far  as  it  may  be  practicable,  to 
unite  it  with  the  conditions  of  agriculture  and  traffic. 

2°^.  To  take  into  consideration  the  establishment  of  taxes  destined  to 
cover  expense  incurred  by  the  improvement  of  natural  waterways. 

After  the  minister  of  Finance  had  in  the  course  of  the  debate  declared 
that  the  general  idea  of  this  resolution  was  right  and  that  it  was  shared 
by  the  Government,  it  was  witdrawn,  because,  as  was  said  by  a  delegate 
in  the  name  of  his  party,  the  object  of  the  resolution  was  found  to  be 
fulfilled  by  the  declarations  of  the  Government. 

If  we  consider  that  the  Prussian  Government  has  up  to  the 
present  remained  deaf  to  all  claims  concerning  the  said  elevation  of 
navigation  dues  on  the  canalised  ways  of  the  county  of  Marck  and  that 
according  to  a  declaration  of  the  Minister  of  Finance  to  the  Parliament 
the  question  of  tolls  is  about  to  be  examined  by  the  Government  (cer- 
tainly not  with  a  view  to  the  reduction  of  dues),  we  may  be  convinced 
that  the  views  of  the  Prussian  Government  are  changed. 

The  opinion  of  the  representative  body  is  also  changed.  While  in 
the  year  1886  it  voted  all  the  Rhine— Weser — Elbe  canal,  at  least  in  the 
sense  that  „the  Government  was  authorised  to  apply  so  many  millions  of 
marks  to  the  establishment  of  a  navigable  canal  destined  to  connect  the 
Rhine  with  the  Ems  and  the  Elbe  with  the  Weser  in  the  way  most  bene- 
ficial to  these  rivers;  and  later  to  the  construction  of  the  canal  from  Dort- 
mund to  the  lower  Ems",  we  see  that  a  few  days  ago  it  rejected  the 
project  of  the  construction  of  a  canal  from  Dortmund  to  the  Rhine,  that  is 
of  a  part  of  the  Rhine — Elbe— Weser  canal  which  was  decided  on  in  1886. 

The  causes  of  the  rejection  are  principally,  apart  from  a  few  purely 
political  questions,  an  agrarian  agitation  in  the  East  which,  astonishing 
as  it  is  (it  may,  nevertheless,  be  attributed  to  the  withdrawal  of  certain 
railway  tariffs  favourable  to  the  east)  at  a  time  when  agriculture  is  in 
want  of  canals,  has  become  an  adversary  to  navigable  ways. 

But  apart  from  this,  which  emanates  from  the  management  of  the 
State  railways,  a  current  of  opinion  has  been  raised  in  certain  circles 
favouring  a  severe  fiscal  tax  on  navigable  ways,  and  this  unfortunately 
also  in  competent  circles,  and  a  very  interesting  political  campaign  of 
railway  tariffs  is  opening  in  direct  opposition  to  navigable  ways. 

However  interesting  and  useful  it  might  be  I  will  not  dwell  on  this 
subject;  it  is  the  question  of  navigation  dues  only  with  which  we  are 
now  concerned. 

This  question,  as  we  have  said,  has  certainly  been  regarded  in  Prussia 
in  a  new  and  different  light,  which  tends  to  seek  in  canal  dues  a  com- 
plete return  for  the  interests  of  the  capital  devoted  to  the  execution  of 
the  works. 


With  regard  to  the  tendencies  of  the  Governments  and  Parliaments  of 
other  countries,  I  will  not  allow  myself  to  judge  them.  Perhaps  the  dele- 
gates from   these  countries  will  give  us  some  information  on  this  subject. 

England  is  not  interested  in  the  question,  as  the  State  does  not  possess 
any  canals.  In  France,  as  far  as  I  could  deduce  from  the  debates  at  the 
Paris  Congress  and  from  other  indications,  the  treasury  appears  to  raise 
certain  claims.  In  any  case  we  have  here  full  reason,  as  an  International 
Inland  Navigation  Congress,  to  occupy  ourselves  with  such  indications. 

But   let  us  return  to  the  principle  of  the  amount  of  navigation  dues. 

It  is,  in  my  opinion,  as  I  said  above,  thoroughly  unjust  to  endeavour 
to  draw  from  navigation  dues  the  complete  interest  on  the  capital. 

It  is  much  more  reasonable  that  the  State,  as  the  party  taking  the 
management  of  the  canal,  be  charged  with  a  part  of  the  interest  to  be  pro- 
duced; for  the  canal,  when  it  is  a  canal  having  a  raison  tPetre  (and  if  a 
canal  has  no  raison  d?itre  it  should  never  be  constructed),  does  not  only 
benefit  the  parties  directly  interested,  but  also  the  State  and  other  branches 
of  the  population  belonging  to  absolutely  distinct  branches  of  industry. 

In  constructing  a  canal  the  State  performs  a  work  which,  far  from 
leaving  it  indifferent,  concerns  it  and  the  mass  of  the  population,  as  also 
the  welfare  of  the  State  and  of  the  public. 

It  follows  from  this  that  it  is  incumbent  on  the  State  to  support,  at 
least  in  part,  the  expenses  of  the  work. 

An  important  canal  brings  profit  to  the  State,  for  in  proportion  as 
commercial  relations  are  developed  by  this  canal,  the  taxable  resources  of 
the  parties  interested  in  it  increase  and  new  enterprises  are  formed,  which 
are  liable  to  be  taxed  by  the  State,  the  fiscal  receipts  of  which  are  thus 
augmented. 

This  indirectly  benefits  other  classes  of  the  population,  for  the  canals 
are  of  great  importance  to  agriculture;  giving  every  possibility  for  the 
adoption  of  improvements,  they  cause  a  rise  in  the  value  of  large  fields 
sometimes  of  many  millions;  and  finally,  owing  to  the  moderation  of 
their  prices  of  transport  all  classes  of  consumers  benefit  by  the  canals, 
receiving  by  their  means  products  of  which  they  are  constantly  in  want, 
such  as  coal,  wheat  and  iron. 

Besides  this,  social  economy  is  benefited,  for  products  localised  in  one 
place  are  promptly  decentralised,  the  distribution  of  production  becomes 
equal,  especially  as  regards  the  demand  for  coal,  the  transport  by  boat, 
economical,  but  less  rapid,  giving  rise  to  more  uniform  orders. 

Finally,  if  we  consider  that  in  case  of  war  each  canal  has  to  play  its 
part,  will  be  utilised  for  transports  or  for  the  establishment  of  military 
hospitals,  the  removal  of  which  would  thus  be  more  easy,  it  must  be 
acknowledged  that  the  advantages  which  the  State  may  derive  directly 
or  indirectly  fix)m  every  canal  of  any  importance  are  really  numerous 
and  of  great  consequence. 
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The  only  question  which  might  be  considered  by  the  State  before 
proceeding  to  the  construction  of  a  new  canal  would  be  a  deficit  in  the 
receipts  from  railways  in  countries  where  the  whole  or  a  considerable 
part  of  the  railway  system  belongs  to  the  State. 

I  will  not  go  further  into  this  question,  which  has  already  occupied 
several  Inland  Navigation  Congresses  and  has  recently  been  frequently 
discussed  in  the  Prussian  Landtag,  as  well  as  in  other  assemblies  and  in 
the  press.  Only  this  should  be  said :  even  if  we  do  not  thoroughly  sup- 
port the  view  of  complete  harmony  of  interests  between  railways  and  navi- 
gation, which  has  been  so  often  talked  of,  the  advantages  which  a  large 
new  waterway  offers  to  railways  are  so  important,  that  a  loss  to  them  of 
some  freight  (which  is  the  natural  consequence  of  the  construction  of  a 
new  way  of  communication)  is  nearly,  if  not  entirely,  compensated. 

In  fulfilling  their  r61e  as  agents  for  the  bringing  of  traffic  to  the  canal, 
the  railways  attract  a  great  deal  of  new  freight  and  burdens  are  taken 
off  the  railways,  which  they  themselves  would  scarcely  care  to  carry  or  at 
least  not  without  increase  of  the  means  at  their  disposal. 

The  canal  gives  birth  to  new  enterprises  and  to  new  commerce,  which 
contribute  also  to  the  prosperity  of  the  railways.  Thus,  the  case  of  the 
damage  caused   by   a  canal  to  the  State  railways  is  not  very  defensible. 

We  may,  however,  considering  the  consequences  which  the  construction 
of  a  canal  might  have  for  the  State  railways,  contest  the  principle  that 
the  State  should  derive  from  navigation  dues,  not  only  the  cost  of  main- 
tenance, but  likewise  all  the  intrest  of  the  capital  engaged. 

From  this  it  follows  logically  that  it  may  not  claim  from  the  interested 
parties  a  guarantee  of  this  interest  until  the  amortisation  is  complete. 
A  certain  guarantee  may,  however,  be  with  all  justice  demanded  and  is 
also  reasonable,  for  the  directly  interested  parties  have  a  right  to  expect 
the  first  as  well  as  the  last  advantage  and  the  great  interest  attached  to 
the  construction  of  the  canal  will  even  be  strengthened  and  assured  by 
this  guarantee. 

A  guarantee  of  the  entire  return  would  be  especially  unjust  in 
a  State  possessing  its  own  railways,  because  in  this  case  the  interest  which 
the  State  must  necessarily  have  in  the  return  of  the  canal  would  be 
lessened  and  the  danger  might  arise  that  the  State  should  menace  the 
canal  in  the  matter  of  tariffs  and  thus  lessen  the  navigation  of  the  canal 
the  return  of  which  was  guaranteed. 

Even  when  the  return  of  the  canals  appears  guaranteed  with  the  exis- 
ting railway  tarifb,  the  interested  parties  are  not  in  a  position  to  take 
over  the  undertaking  or  to  guarantee  the  complete  return,  so  long  as  it 
remains  possible  that  the  canal  and  its  commerce  may  be  injured,  for 
instance  by  exceptional  tariffs  at  less  than  cost  price  for  transports  on  the 
railway  running  in  competition  with  the  canal. 
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It  is  worthy  of  remark  that  the  Prussian  Minister  of  Finance,  Mr.  Miquel, 
expressed  his  opinion  in  the  same  sense  in  the  Prussian  Landtag  during 
the  course  of  the  debates  concerning  the  canal  from  the  Rhine  to  Dort- 
mund. Besides,  in  the  case  that  the  complete  interest  on  the  capital 
sunk  in  the  waterway  is  covered  by  the  dues  levied  or  guaranteed 
to  the  State,  it  is  very  doubtful  whether  there  be  any  justification  for 
granting  to  the  State  a  monopoly  with  regard  to  canal  construction;  or 
if  it  should  not  rather  be  left  to  the  parties  interested,  as  is  done  in 
England,  America  and  other  countries,  at  least  in  countries  with  a  large 
railway  system,  under  the  guarantee  of  the  State  as  regards  rates  of  tariffs, 
which  might  compete  with  the  canal. 

Tn  any  other  circumstances,  as  will  be  seen  by  the  considerations  above 
mentioned,  the  establishment  of  a  canal  by  private  persons  is  not  possible. 

I  will  return  now  to  the  consideration  of  the  first  principle,  the  amount 
of  navigation  dues. 

From  certain  considerations,  which  we  take  as  principles,  these  taxes 
may  not  be  so  high  as  to  entirely  cover  the  interest  of  the  capital, 
as  the  navigable  ways  are  directly  and  indirectly  a  source  of  great 
advantage,  so  that  it  is  only  just  that  the  State  should  be  responsible  for 
a  part  of  the  expenses  or  for  the  interest  of  the  capital. 

With  regard  to  the  amount  of  navigation  dues  the  second  principle, 
equally  important  and  self  explaining,  is  that  the  amount  must  never 
become  so  high  that  the  natural  advantage  resulting  from  the  moder- 
ation of  prices  by  water  compared  with  prices  of  transport  by  land 
may  be  lessened  or  disappear. 

In  other  words,  the  taxes  may  not  in  any  case  increase  the  price  ot 
transport  by  water  to  such  an  extent  that  it  would  no  longer  be  possible 
to  compete  successfully  against  a  well-directed  arrangement  of  railway 
tariffs. 

A  canal  which  could  not  be  constructed  without  such  great  expenses 
should  not  be  undertaken,  because  in  that  case,  the  principle  object, 
viz.  cheap  transport,  is  not  attained. 

To  what  extent  may  canal  dues  be  raised  in  order  to  successfully 
compete  with  railways,  is  a  question  which  must  be  decided  according 
to  the  manner  of  the  competition  between  the  canal  and  the  railway 
and  according  to  the  extension  of  commerce  which  may  be  expected. 

In  all  the  projects  concerning  the  canal  from  the  Rhine  to  the  Elbe 
and  the  Weser  (probably  with  a  view  of  obtaining  an  interest  of  50  °/o) 
a  canal  due  of  8  pfennig  per  kilometric  ton  is  charged. 

In  the  above  mentioned  report  on  the  Mittelland  canal  a  toll  of  ^ 
pfennig  is  recommended  as  sufi&cient,  and  in  the  proposal  for  the  canal 
from  the  Rhine  to  Dortmund  (compare  page  28)  the  Government  held 
in  view  a  toll  of  1  pfennig  per  kilometric  ton  and  also  established  in 
opposition  to  the  railways  the  following  tariff*: 
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For  coal   and   coke  is  levied  a  canal  freight  of  1  pfennig  and  a  toll  of 
the  same  amount,  and  the  charge  per  ton  is  placed  at: 


For  a  distanoe  of: 

By  railway: 

By  canal  : 

10  Kilometres 

0.80  Marks 

a20  Marks. 

16 

1.00 

•• 

0.30        • 

20 

1.10 

n 

0.40        • 

30           • 

1.60 

m 

0.60 

40 

1.80 

» 

080 

and   by   taking   as   base   5   pfennigs   per   kilometric  ton  on  the  branches 
for  a  distance  on  the  branch  of  4  kilometres : 


For  a  distance  of: 

By  railway: 

By  canal: 

8  Kilometres 

1.06  Marks 

0.36  Marks 

19               m 

1.38 

0.68       T. 

26 

1.66 

0.72 

32 

1.68         n 

0.84         m 

36 

1.78     ■  • 

0.90          n 

64 

2.68        ^ 

1.2R 

Supposing  these  figures  to  be  right  for  freights  by  rail  and  by  canal, 
we  see  that  the  canals  could  always  compete  successfully  with  the 
railways  with  a  toll  of  1  pfennig  per  kilometric  ton. 

The  normal  tariff  actually  in  force  on  the  railways,  amounts,  at  least 
for  coal,  to  2.2  pfennigs  per  kilometric  ton  and  6.12  pfennigs  for  shipping 
dues.  A  few  special  tariffs  have  gone  lower  than  these  figures,  which 
however  are  not  perceptibly  higher  than  the  canal  freight  of  2  pfennigs 
augmented  by  the  canal  dues. 

The  canal  freight  ought  really  to  be  a  little  less  than  fixed  above 
(1  pfennig  per  kilometric  ton). 

On  the  Mittelland  canal  it  is  in  the  report  of  the  interested  parties 
calculated  at  7  pfennigs. 

It  is  unfortunately  impossible  to  regulate  the  dues  on  the  navigation 
ways  in  Prussia  on  a  unit  of  1  kilometric  ton,  for  all  these  dues  are 
established  according  to  the  tonnage  of  the  ship  and  not  according  to  its 
real  cargo  and  only  collected  at  certain  locks  without  the  distance 
traversed  being  in  any  way  calculated  in  the  amount. 

According  to  the  calculation  of  Mr.  Sympher  the  sum  paid  on  canals 
where  tolls  are  levied  is  only  2  pfennigs  per  kilometric  ton.  If  we  take 
into  account  the  recent  increase  in  these  dues  on  the  canals  of  the 
county  of  Marck,  which  on  the  average  must  be  estimated  at  much  more 
than  half  of  the  amount  hitherto  charged  (see  particulars  below),  the 
average  of  dues  on  all  navigable  ways  will  certainly  amount  to  4  or  5 
pfennigs,  if  not  more. 

From  what  has  already  been  said  it  may  be  concluded  that  it  is  nearly 
impossible  to  establish    for  the   dues   a  uniform   unit   which  would  fix 
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exactly  the  amount  to  which  they  might  be  raised  without  danger  to 
the  vitality  of  navigation. 

This  depends  again  too  much  on  the  economical  conditions  of  the 
region  and  of  the  possible  and  probable  extension  of  traffic  etc. 

Leaving  on  one  side  possible  cases  of  exceptionally  prosperous  traffic 
a  unit  of  dues  of  from  2  to  5  pfennings  may  be  considered  as  possible. 

For  canalised  ways  of  less  dimensions  and  of  insufficient  construction 
this  unit  will  be  found  to  be  amply  sufficient,  as  such  navigable  ways 
do  not  admit  large  vessels  with  lucrative  freight. 

With  this  question  is  connected  the  system,  which  we  will  study  later 
on  and  which  is  easy  to  apply,  of  a  navigation  tax  based  on  the  ton- 
nage of  the  vessel. 

A  question  which  also  attracts  much  attention  is  the  increasing  of  dues 
on  a  waterway  which  is  already  in  working. 

I  may  be  allowed  to  touch  upon  this  subject. 

If  a  canal  has  for  some  time  been  levying  certain  fixed  and  invariable 
tolls  on  its  navigation  it  is  probable  that  these  tolls  have  been  taken 
account  of  in  the  calculation  of  freights;  the  navigation  has  thus  acquir- 
ed the  power  of  supporting  these  taxes,  for  what  has  been  found  to  be 
above  its  means  has  been  placed  to  the  charge  of  the  freighter  in  the 
price  of  the  freight. 

But  if  an  increase  of  dues  takes  place  when  the  freights  have  been 
long  fixed,  it  is  invariably  very  difficult  for  the  boatman  to  comply 
with  this  new  state  of  things  without  himself  supporting  the  increase. 
Therefore  an  increase  of  dues  is  only  equitable  in  cases  where  new 
expenses  for  the  welfare  of  the  canal  render  it  necessary  and  the  State 
requires  a  much  larger  amount  for  maintenance  and  interest  on  the 
increased  capital. 

But  even  in  this  case  it  is  desirable  that  a  notice  should  be  given  at 
least  about  six  months  before  the  new  tariff  takes  effect,  in  order  that 
running  contracts  and  freight  calculations  based  on  the  former  tariffs 
may  not  cause  heavy  loss  to  those  interested  in  them. 

In  concluding  this  part  of  my  report  I  would  add  a  few  words  on  the 
subject  of  dues  and  their  amount  on  waterways  which  are  private  property. 

In  the  above  remarks  we  have  continually  referred  to  canals  belong- 
ing to  the  State  (Provinces,  Communes,  etc.)  which  have  their  own  parti- 
cular interests  and  on  which  the  conditions  are  quite  different  to  those 
existing  on  private  canals. 

The  reporters  at  the  Paris  Congress  in  treating  the  question  of  dues  on 
navigable  ways  which  are  private  property,  have  drawn  the  conclusion 
that  the  dues  should  cover  the  complete  return  of  the  interest  of  the 
capital. 

It  is  unnecessary  for  me  to  express  an  opinion  on  this  general  question. 
Nevertheless,  as   regards  the   amount  of  dues,  we  may  fix  the  rule  that 
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on  canalised  ways  which  are  open  to  the  public  (and  with  such  only 
we  are  now  concerned)  navigation  must  not  be  hindered  or  rendered  diffi- 
cult by  measures  emanating  from  private  persons. 

It  should  also  be  insisted  upon  that  on  canalised  ways  constructed 
and  worked  by  private  parties  and  according  to  law  open  to  the  public, 
the  State  has  a  right  of  control  with  regard  to  the  lev3dng  of  tolls. 
The  State  should  have  the  power  of  fixing  a  certain  mazipium  of  tolls 
in  proportion  to  the  capital  and  be  able  to  prevent  any  arbitrary  meas- 
ures being  imposed. 

It  is  true  that  the  owners  of  the  canal  in  their  own  interest  would 
avoid  an  excessive  demand  of  tolls,  still  it  is  advisable  to  take  into  con- 
sideration the  possibility  of  such  an  abuse  of  the  monopoly  and  for 
this  reason   we  refer  to  the  question. 

I  will  now  offer  some  observations  relative  to  the  amount  of  dues  and 
the  basis  of  their  unit: 

1.  Namgation  dties  on  a  canalised  \oay  beUmging  to  the  State  (communes, 
provinces^  etc,)  may  not  he  so  high  as  to  bring  into  the  State  the  entire 
interest  and  the  amortisation  of  the  capital  and  stUl  less  to  allow  it  a 
profit  on  the  spectUation ;  for  every  canal  which  is  really  of  service  —  and 
only  STAch  should  be  constructed  —  gives  rise  to  such  direct  and  indirect 
profit  to  the  finances  of  the  State  that  it  is  only  right  that  it  shovM  forego 
a  part  of  the  interest  on  the  capital. 

Also  the  interested  parties  must  only  be  expected  to  partly  guarantee  the 
interest  on  the  capital. 

2.  The  amount  of  the  dues  is  limited  by  the  consideration  that  the  price  of 
transport  by  water,  although  increased  by  the  navigation  dues,  must  still 
remain  essentially  less  than  the  lowest  rate  of  competing  railway  lines.  The 
natural  advantage  of  the  canal  resulting  from  the  moderation  of  the  prices  of 
transport  mt*st  not  be  reduced  by  excessive  dues. 

3.  The  basis  of  the  unit  of  navigation  dues  is  to  be  determined  according  to 
the  respective  conditions  of  the  waterways.  According  to  observations  made  up  to 
the  present  day,  leaving  on  one  side  particular  cases  and  situations  exceptionally 
advantageous,  the  dues  should  scarcely  exceed  2  to  5  pfennigs  per  hUometric 
ton.  The  unit  must  be  less  where  the  waterway  is  less  able  to  bear  the  charge. 

4.  Oreat  care  shouM  be  exercised  in  applying  any  increase  of  dues  to  a 
canal  which  has  for  a  long  time  been  used  for  navigation.  Su^h  increase  is  only 
justifiable  in  a  case  where  important  expenses  are  necessary  for  the  improve- 
ment of  the  navigation  of  the  canal. 

Again,  attention  must  be  given  to  the  case  of  owners  who  are  unable 
by  means  of  their  freight  to  cover  this  increase  of  dues;  and  in  any  case, 
they  should  be  advised  by  circular  about  six  months  before  any  such  alteration 
is  put  in  force. 

5.  With  regard  to  navigable  ways  undertaken  and  directed  by  private 
partis   the  state  retains  the  privilege  of  controlling  the  establishment  of  dues 
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and  of  their  collection.  Although  the  principle  of  levying  dues  for  the  entire 
interest  on  the  capital  he  admitted^  the  State  should  ha^e  the  right 
of  fixing  the  maximum  of  these  dues  so  as  to  obviate  any  possible  abuse  of 
monopoly. 

III.  CALCULATION  OF  TOLLS. 

Apart  from  the  question  of  the  amount  of  the  dues,  that  of  their  cal- 
culation has  its  particular  importance  on  the  one  hand,  because  the 
levying  of  heavy  or  light  dues  may  be  sometimes  crushing  and  at  others 
supportable,  and  on  the  other  hand  because  it  is  only  by  rational 
calculation  that  an  equitable  division  of  the  dues  can.  be  guaranteed. 
Hence  arise  several  distinct  points  to  be  debated  in  this  part  of  our 
report. 

In  the  first  place  there  is  the  general  question  should  dues  for  the 
navigation  of  waterways  (as  we  have  already  said,  we  will  refer  later 
on  to  Port  dues  etc.)  be  collected  in  the  form  of  one  single  tax,  or  in  the 
form  of  tolls  for  the  use  of  locks,  lifting  machinery  etc.  or  perhaps  in 
both  ways. 

The  other  questions  relate  to  the  principles  of  the  calculation  of  dues 
and  the  different  systems  which  may  be  adopted,  such  as  calculations 
based  on  the  tonnage,  on  the  real  cargo  of  the  vessel,  on  the  nature  and 
value  of  the  cargo,  on  the  distance  traversed,  etc. 

Then  there  is  the  question  of  the  abolition,  of  the  moderation  of  dues 
and  of  the  levying  of  special  dues;  and  finally  the  question  of  collection 
and  control. 

Another  part  will  be  devoted  more  particularly  to  floats. 

A.  Collective  dues  or  partial  tollo. 

This  question  is  comparatively  easy  of  solution. 

If  we  admit  the  principle  of  collection  of  dues  for  the  use  of  a  canalised 
way  as  compensation  for  economical  advantage  resulting  from  it,  it 
follows  that  these  dues  should  be  levied  for  the  use  of  the  canal  as  a 
total  and  not  only  for  the  use  of  the  various  navigation  plant,  locks, 
levers,  etc. 

The  economical  advantage  afforded  to  persons  using  the  waterway  con- 
sists in  the  faculty  of  using  the  whole  or  a  part  of  the  canal  as  a  means 
of  transport  and  not  in  the  passing  through  a  lock,  or  of  having  recourse 
to  the  services  of  any  apparatus. 

The  boatman  cares  little  whether  be  has  to  pass  through  many  locks 
or  no  locks,  his  object  being  to  reach  his  destination  at  the  end  or  on 
the  course  of  the  canal. 

On  the  contrary,  a  number  of  locks  cause  delay  on  the  journey  and 
therefore  it  is  less  profitable  than  when  there  are  few  or  no  locks  at  all. 
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Thus,  although  the  principle  of  regarding  lock-money  as  compensation 
for  expense  caused  may  be  right,  it  cannot  be  admitted  in  this  idea  of 
general  economical  advantage,  and  one  total  and  general  toll  for  the  use 
of  the  waterway  is  much  more  just. 

The  same  reasons  which  apply  to  economical  advantage  must  also 
have  an  influence  in  the  calculation  of  dues,  such  as  the  quantity  of 
cargo  carried,  perhaps  also  in  some  degree  the  nature  of  the  cargo,  the 
distance  traversed  on  the  canal,  etc. 

This  calculation  of  the  dues  into  one  collective  and  general  toll  for  the 
use  of  the  canal  has  a  great  advantage  over  the  levying  of  tolls  for  locks, 
lifting  machinery  etc.,  in  that  it  is  much  more  equitable. 

It  obviates  the  inequality  resulting  from  the  fact  that  one  boatman 
may  on  perhaps  a  much  shorter. journey  have  to  pass  through  twice  as 
many  locks  as  another,  and  renders  systematic  the  levying  of  the  tolls 
which  might  otherwise  become  arbitrary  or  dependent  on  accidents. 

It  may  be  also  the  means  of  collecting  in  a  more  just  manner  the 
money  necessary  for  special  expenses,  such  as  locks  and  lifting  machinery 
and  thus  there  would  be  no  question  of  these  being  gratuitous. 

On  the  other  hand,  a  toll  would  be  levied  in  a  reasonable  manner  on 
boats  using  those  parts  of  the  canal  on  which  there  are  no  locks. 

It  does  not  follow  from  this  that  the  levying  of  a  special  toll  for  locks 
in  addition  to  the  general  toll  is  to  be  in  every  case   excluded. 

A  case  might  occur  in  which  the  construction  of  a  new  and  larger  lock 
would  be  dependent  on  the  imposition  of  a  toll  for  this  purpose.  Perhaps 
in  such  a  case  it  would  be  justifiable  to  claim  from  those  who  use  this 
new  construction,  built  expressly  for  them,  a  special  lock  due  and  that 
especially  in  a  case  where  a  general  increase  of  dues  would  be  inad- 
missible. 

B.  Sytems  hitherto  in  vogue  for  the  calculation  of  dues. 

As  it  is  now  only  a  question  of  determining  the  true  basis  of  the  cal- 
culation of  dues  we  must  naturally  first  consider  according  to  what  prin- 
ciples and  if  possible  according  to  what  systems  we  should  proceed  in 
calculating  dues  on  canalised  ways  in  the  countries  where  such  dues  exist. 

From  this  the  different  systems  of  calculation  of  tolls  may  be  determined 
and  we  may  base  on  this  material  an  examination  of  each  particular 
system  and  of  the  entire  question  with  the  view  of  recommending  one  or 
the  other  of  them  with  or  without  alterations. 

We  will  attempt  in  the  following  reflexions  to  determine  this  question. 

The  calculations  of  dues,  fixed  in  former  times  on  taxed  waterways, 
were  very  different.  This  is  explained  perhaps  partly  by  the  fad  that 
the  composition  of  the  tariff  was  not  guided  by  theoretical  principles, 
and   partly  because  the  theoretical  fundamental  ideas  were  influenced  by 
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various  practical  considerations,  and  finally  the   conceptions  of  the  cha- 
racter of  the  dues  were  very  various. 

Accordingly,  as  the  dues  on  waterways  were  considered  as  a  tax  on 
the  traffic  or  as  a  toll  for  the  use  of  an  organisation  directed  by  the 
Government,  very  various  principles  for  calculation  of  dues  in  diflferent 
countries  have  been  suggested  and  amongst  them  the  alrea^ly  mentioned 
practical  considerations  of  facility  and  certainty  in  collection. 

The  country  which  above  all  others,  has  favoured  the  imposition  of 
navigation  dues  in  the  form  of  a  tax  upon  the  water  traffic  is  Russia, 
where  nearly  throughout  the  country,  at  least  until  very  lately  (some 
reform  was  projected  in  1892),  dues  were  levied  on  the  value  of  the 
goods  transported  and  then,  according  to  circumstances,  in  most  various 
ways,  as  for  instance  V4  %  on  the  canal  from  Sebesch  to  the  Dwina, 
1  ®/o  on  the  Dniester  etc.  (1) 

Besides  these,  there  are  in  Russia  dues  fixed  according  to  certain  cal- 
culations per  ton.  On  the  other  hand  the  distance  traversed  is  not  taken 
Into  consideration. 

Every  boat  entering  the  canal  has  to  pay  dues,  either  according  to  its 
tonnage  or  the  value  of  its  cargo  without  reference  to  the  distance 
traversed. 

And  this  system  is  absolutely  unjust  for  the  following  reasons: 

a.  It  is  a  tax  on  commerce,  because  it  is  based  on  the  value  of  the 
goods;  h.  it  does  not  take  into  account  the  distance  traversed  or  to  be 
traversed,  and  because  c.  the  calculation  of  tonnage  and  of  value  being 
furnished  by  the  owner  himself  is,  as  will  be  easily  understood,  very 
unreliable;  and  this  has  been  already  acknowledged  in  Russia. 

Numerous  propositions  have  been  made,  among  them  that  of  the  per- 
manent commission  for  the  examination  of  questions  relating  to  inland 
navigation,  which  suggested  the  levying  of  dues  on  steamboats  in  pro- 
portion to  their  force  of  impulsion  (number  of  horse  power),  otherwise 
according  to  the  cubic  measurement  and  the  draught  of  the  vessels,  or 
according  to  the  tonnage  of  the  goods  carried,  which  should  be  divided 
into  at  most  three  classes,  or  according  to  the  distance  traversed,  or 
according  to  the  number  of  passengers,  or  the  distance  they  travel. 

The  commission  was  averse  to  the  imposition  of  any  dues,  which  were 
not  to  be  devoted  to  the  improvement  or  maintenance  of  the  navigable 
ways,  and  was  thus  unfavourable  to  any  tax  on  traffic. 

We  do  not  know  how  the  question  has  been  solved  in  Russia. 

Holland  has  viewed  the  question  in  a  different  light  than  Russia  has 
done  (2). 


(1)  These  data  are   taken   from   the   report   of   M'    N.    von   Sttenko   to  the  Inland 
Navigation  Congress  at  Paris. 

(2)  Taken  from  the  report  of  Mi"  Dbkino  Dura  to  the  Paris  Congress. 
Hatbcbxk.  «2 
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tn  Holland  the  dues  levied  on  canals  belonging  io  the  State  have 
completely  the  character  of  tolls  and  are  really  nothing  but  a  compen- 
sation for  benefit  derived. 

They  are  levied  according  to  the  cubic  measurement  of  the  vessel 
without  regard  to  the  nature  of  the  goods  carried,  at  the  most  with 
exemption  from  toll  or  from  half  of  the  toll  for  empty  boats  or  for  boats 
with  certain  classes  of  cargo,  such  as  manure  and  dung.  The  levying  of 
dues  in  their  intirety  has,  however,  been  projected  for  all  canals  where 
dues  are  imposed.  On  many  canals  they  have  been  already  entirely 
abolished.  Still,  the  dues  levied  by  the  communes,  the  provinces  and 
the  companies  called  WaterscJiappen  would  remain  in  force.  The 
distance  traversed  is  not  taken  into  consideration,  and  the  due  fixed  is 
only  levied  at  the  passing  of  locks  and  bridges  in  accordance  with  the 
cubic  measurement  of  the  vessel,  which  is  either  gathered  from  official 
documents  or  is  calculated.  The  tariffs  are  moderate,  averaging  only 
5  cents  per  cubic  metre. 

In  France  (1)  all  tolls  on  canals  belonging  to  the  State  were  abolished 
by  law  in  1880.  Before  that  time  there  existed  on  some  conceded  canals 
(the  Briare  canal,  for  example)  dues  calculated  on  the  tonnage  of  the 
goods  and  on  a  unit  of  distance  of  5  kilometres,  that  is  on  a  system 
which  took  into  account  the  distance  traversed.  Later  on  a  general  navi- 
gation due  calculated  specially  for  each  canal  was  introduced. 

A  law  of  the  year  1837  established  on  all  canals  and  rivers  a  simpli- 
fied and  uniform  due  still  calculated  by  the  ton  and  the  unit  of  5  kilo- 
metres. 

At  present  there  are  about  805  kilometres  of  canals  and  canalised 
rivers,  not  belonging  to  the  State  but  „conceded",  on  which  dues  are 
calculated  on  the  same  system  of  toll  collection  according  to  the  kilo- 
metric  ton  and  the  real  cargo.  In  a  few  isolated  cases  tolls  are  levied 
at  locks,  as  on  the  St.  Denis  and  the  St.  Martin  canals,  without  regard 
to  distance  traversed. 

On  a  few  of  these  canals  the  tariffs  make  mention  of  only  two  classes 
of  goods,  while  others  have  extended  tariffs  for  all  sorts  of  different 
merchandise. 

In  Germany,  where  the  dues  formerly  in  force  on  the  Elbe,  as  a  last 
vestige  of  taxes  on  fluvial  commerce,  were  finally  abolished  in  1870, 
there  still  often  exist  some  dues  for  the  use  of  canals,  the  majority  being 
in  the  form  of  lock  dues. 

Navigation  dues  for  large  canals  projected  or  in  course  of  construction 
have  also  been  under  consideration. 

The  constitution  of  the  German  Empire  does  not  authorise  dues  on 
natural  navigable  ways,  except  for  the  use  of  material  or  plant  established 


(1)  According  to  the  report  of  M*"  L.  Couvreur  to  the  Paris  Congress. 
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for  the  fecility  of  the  traffic;  and  in  the  same  way,  as  is  the  case  with 
the  artificial  navigable  ways  belonging  to  the  State  (canals  which  are 
private  property  are  not  referred  to),  only  such  dues  are  allowed  as  do 
not  exceed  the  expenses  necessary  to-  the  establishment  and  maintenance 
of  the  service. 

In  different  German  States,  numerous  laws  and  regulations  relating  to 
navigation  dues  on  artificial  ways  have  been  decreed,  but  all  based  on 
the  spirit  of  this  constitution.  It  is  only  in  the  Grand  Duchy  of  Hesse, 
in  Wurtemburg,  in  Hamburg  and  in  Alsace-Lorrain  that  there  are  no 
dues  on  navigable  ways. 

The  regulations  and  tariffs  established  for  the  calculation  of  dues  in 
Prussia,  in  Bavaria,  in  Mecklemburg  and  in  other  German  States,  are  of 
a  very  different  nature. 

I  must  refrain  from  thoroughly  analysing  them  here.  (See  the  tarifis 
in  Annexes  II,  III,  IV  and  V,  and  the  report  of  M'  Symphbr  to  the 
Paris  Congress). 

The  basis  of  calculation  is  nearly  always  the  tonnage  of  the  vessel. 
The  toll  is  calculated  on  a  unit  of  5  tons  burden.  The  Bavarian  canal 
from  the  Danube  to  the  Maine  is  an  exception  to  this  system,  for  the  real 
tonnage  of  the  cargo  is  calculated  in  the  same  way  as  it  was  on  the 
canalised  Saar  up  to  the  time  when  the  dues  were  abolished. 

In  some  navigation  tarifis  10  and  sometimes  12  net  cubic  metres  are 
spoken  of  instead  of  6.  The  system  is  however  the  same. 

The  distance  traversed  is  not  taken  into  account  except  on  the  canal 
from  the  Danube  to  the  Maine  (Ludwig  Canal)  and  a  toll  only  is  levied 
at  different  locks,  according  to  fixed  and  uniform  tariffs. 

For  the  most  part,  the  nature  of  the  cargo  is  not  taken  into  consider- 
ation, except  for  the  distinction  of  a  few  classes,  such  as  raw  material, 
stone,  coal,  ore,  etc.  and  manure,  which  have  only  to  pay  one  half,  or 
at  least  a  very  low  proportion  of  the  usual  tariff. 

We  may  mention  as  characteristic  the  rule  existing  up  to  very  lately 
on  certain  navigable  ways  in  Prussia,  on  the  canals  of  Marck,  according 
to  which  tolls  were  calculated  up  to  a  limit  of  116  tons;  larger  vessels 
had  only  to  pay  a  maximum  due  of  116  tons,  although  their  tonnage 
was  sometimes  as  much  as  400  tons. 

This  rule  was  abolished  on  the  Marck  canals  in  1892  as  well  as  on 
some  other  canals,  at  the  same  time  as  the  tariff  of  tolls  was  raised  in 
such  a  way  that  the  larger  ships  had  to  pay  ^  dues  much  higher  than 
formerly. 

This  is  more  fully  explained  in  the  report  of  the  Central  Comittee  on 
Inland  Navigation  of  Berlin,   the  table  of  which  we  give  in  Annex  VI. 

With  this  generally  ruling  system  of  calculation  according  to  tonnage 
some  tariffs  take  into  consideration  the  incompleteness  of  the  cargo  of 
the   boats  (caused   by  insufficient  depth  of  water  etc.)>  so  that  when  the 
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cargo    is    less    than  one  half,    only   one  half  of  the  dues  are  levied. 

Empty   boats  for  the   most   part  pay  one  sixth  and  latterly  even  less. 

Finally,  there  are  certain  exemptions  from  dues  for  vessels  belonging 
to  the  State  and  for  others  which  are  not  destined  for  the  transport  of 
merchandise,  for  small  boats,  etc. 

For  the  present,  we  will  not  further  pursue  this  subject. 

Protestations  have  lately  been  repeatedly  made  against  the  system 
by  persons  using  the  waterway,  as  well  as  against  some  ways  of 
calculating  navigation  dues  in  Prussia  and  principally  in  consequence  of 
the  elevation  of  dues  projected  in  1892.  We  will  refer  more  fully  to 
the  subject  of  these  difficulties  when  examining  the  different  systems. 

Finally,  in  England  (1),  where  there  are  no  canals  belonging  to  the 
State,  dues  are  in  force  on  different  canals. 

The  systems  are  very  various. 

There  are  simple  lock  dues  and  general  canal  dues  per  ton  per 
mile.  Usually  the  nature  of  the  goods  is  classified  into  various  sorts. 
Compared  with  those  of  the  continent,  the  units  are  very  high,  varying 
between  one  halfpenny  and  two  pence  per  ton  per  mile. 

To  my  great  regret  it  has  been  utterly  impossible  for  me  or  obtain 
details  of  the  dues  levied  in  other  countries. 

But,  although  this  sketch  of  tariffs  and  rules  for  the  levying  of 
dues  has  been  given  as  concisely  as  possible  (for  details  I  must  still 
refer  my  readers  to  the  Annexes  of  the  report  as  well  as  to  those  of 
the  reports  to  the  Paris  Congress),  it  may  be  inferred  that  three  different 
systems  are  in  use,  viz. 

1»*  The  calculation  of  dues  according  to  the  value  of  the  cargo. 

2^^  The  calculation  in  accordance  with  the  tonnage  and  in  proportion 
to  the  cubic  measurement. 

3^  The  calculation  in  proportion  to  the  real  cargo  carried  and  gener- 
ally taking  into  consideration  the  distance  traversed.  ^ 

In  the  first  system  the  nature  of  the  goods  is  most  fully  considered, 
whereas  in  the  second  and  third  systems  only  certain  classifications  are 
given  which  are  nearly  the  same.  The  distance  traversed  may  be  taken 
into  consideration  and  combined  with  all  the  systems,  although  this  has 
not  hitherto  been  done  under  the  first  and  second  systems.  We  have, 
therefore,  now  only  to  critically  examine  these  different  systems  and  in 
connection  with  them  the  various  important  rules  to  be  considered  in 
the  compilation  of  a  tariff  of  dues. 


(1)  Report  of  M^*.  Clements  to  the  Paris  Congress. 
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C.  EXAMINATION  OF  SYSTEMS. 

I.  Examination  of  the  principles  of  calculation. 

From  a  consideration  of  the  modes  of  calculation  hitherto  employed  in 
various  countries  it  is  easy  to  determine  which  system  can  be  recommen- 
ded as  the  most  fundamentally  just,  and  at  the  same  time  practically 
useful. 

From  the  fundamental  as  well  as  from  the  practical  point  of  view 
the  fixing  of  dues  according  to  the  value  of  the  cargo  should  be  absolutely 
rejected,  even  if  these  dues  were  moderate,  but  still  more  so  if  they 
complied  with  the  requirements  mentioned  in  the  previous  chapter. 
From  the  fundamental  point  of  view,  because  dues  established  according 
to  the  value  of  the  cargo  constitute  a  tax  on  commerce  and  not  simply 
a   compensation   for   the   use   of  the  advantage  offered  by  the   waterway. 

Besides,  the  value  of  the  cargo  could  never  be  otherwise  considered 
than  in  so  far  as  it  influences  the  amount  oi  the  freight,  that  is  the 
economical  advantage  which  the  canal  affords  to  the  freighter. 

But  this  is  certainly  not  the  case ;  even  when  certain  articles  of  higher 
value  are  obliged  according  to  their  rule  to  pay  a  higher  freight  than 
masses  of  goods  of  low  value,  the  amount  of  the  freight  and  the  value 
of  goods  are  not  in  such  even  proportions  that  the  value  of  the  goods 
paying  the  higher  tariff  may  be  taken  as  a  basis  for  fixing  the  freight 
to  be  charged  on  them. 

This  principle  does  not,  however,  require  any  further  examination. 

Also  from  a  practical  point  of  view  this  system  must  be  absolutely 
put  on  one  side. 

It  has  proved  in  Russia,  according  to  the  reports  made  to  the  Paris 
Ck)ngress,  very  defective  in  practice. 

In  fact  the  fixing  of  the  value  of  the  cargo  can  only  be  effected  in 
two  ways,  viz.  either  by  an  oflicial  valuation,  or  according  to  the  decla- 
ration of  the  owner  himself. 

Both  of  these  ways  present  difficulties  and  are  very  unreliable. 

An  official  valuation  by  the  means  at  present  at  the  disposal  of  the 
administration  of  waterways  and  of  their  finance  department,  to  which 
is  confided  the  collection  of  tolls,  is  simply  impracticable  as  their  staff 
has  not  the  requisite  knowledge  of  markets  and  prices.  But  even  if  a 
competent  staff  of  experts  for  the  valuation  of  goods  should  be  appointed, 
differences  and  claims  would  certainly  arise  from  the  diversity  of  the 
nature  of  the  goods  and  of  the  continual  fluctuations  in  the  market 
prices.  Also  as  the  decision  of  the  experts  could  not  be  left  without 
right  of  appeal,  long  and  tiresome  proceedings  would  inevitably  result. 
To  this  must  be  added  the  great  delays  which  would  be  caused  to  traffic 
by  this  system  of  valuation  by  experts,  the  difficulty  in  its  administration, 
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the  uncertainty  of  a  correct  result  on  account  of  changes  which  might 
be  caused  by  embarkment  or  discharge  of  cargo  in  the  course  of  the 
voyage  etc.  Even  if  the  amount  for  which  the  cargo  was  insured  were 
taken  as  a  guide  nothing  would  be  gained,  for  it  might  occur  that  some 
of  the  goods  were  not  insured  at  all,  or  only  covered  by  a  general  policy, 
and  further,  the  amount  of  the  insurance  itself  would  probably  be 
influenced  by  the  consideration  that  the  dues  would  be  based  upon  it. 

The  estimation  of  the  value  according  to  the  declaration  of  the  owner 
would  be  equally  impracticable. 

Apart  from  the  fact  that  for  want  of  sufficient  control  a  way  would 
be  left;  open  to  a  wide  field  of  fraud,  the  owner  would  often  with  the 
best  of  will  be  unable  to  furnish  a  reliable  account  of  the  value  of  his 
cargo.  Neither  could  the  bills  of  lading,  which  are  frequently  not  taken 
on  the  boat,  serve  as  a  guide  even  if  they  contained  any  declaration  of 
value.  For  these  reasons  it  will  be  seen  that  an  effective  control  is 
practically  impossible  and  even  the  most  superficial  examination  of  the 
contents  of  the  vessel  would  cause  delay  to  traffic  and  result  in 
great  inconvenience. 

It  will  thus  be  seen  that,  apart  from  fundamental  considerations,  the 
collection  of  dues  on  canals  or  other  waterways  according  to  the  value  of 
the  goods  transported  is  practically  very  unreliable  and  cannot  be  main- 
tained. 

The  second  and  third  systems  are  much  to  be  preferred,  basing  the 
dues  on  the  tonnage  of  the  vessel  and  its  cubic  measurement. 

In  fact,  a  system  of  this  kind  corresponds  much  more  with  the  funda- 
mental principle  of  the  due  being  a  compensation  for  an  economical 
advantage,  for  this  advantage  increases  in  proportion  to  the  amount  of  the 
cargo  or  the  size  of  the  vessel. 

Also,  from  a  practical  point  of  view  this  system  is  incomparably  pre- 
ferable. Its  introduction  will  give  the  best  results  and  be  more  easy  of 
application.  The  size  of  the  vessel  and  the  quantity  of  the  cargo  are 
points  which  can  generally  be  easily  and  correctly  estimated. 

The  first  point  is  determined  according  to  papers  of  measurements  now 
in  general  use  and  which  are  rendered  obligatory.  They  show  the  exact 
measurements  of  the  vessel  and  the  boatman  must  always  have  them 
on  board. 

If  these  papers  should  be  defective  an  approximate  valuation  can 
always  be  made  by  means  of  a  comparison  with  other  boats  of  the  same 
construction,  at  least  if  the  traffic  be  of  any  importance. 

Apart  from  the  consideration  that  a  declaration  by  the  boatman  is 
more  easy  of  control,  there  would  be  less  likely  to  be  any  opportunity 
for  fraud. 

There  are  besides,  other  very  practicable  means  of  determining  exactly 
the  cargo  of  a   vessel  by  reckoning  its  depth  of  immersion  with  the  aid 
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of  a  specially  constructed  guage  (See  Annex  VII).  The  calculation 
of  dues  according  to  the  quantity  of  the  cargo  or  the  size  of  the  vessel 
is  used  in  two  systems,  both  in  calculation  according  to  the  tonnage  of 
the  vessel  and  according  to  the  tonnage  of  the  cargo. 

As  we  naturally  cannot  expect  to  find  the  full  tonnage  of  the  vessel 
always  utilised,  there  is  an  essential  difference  in  the  two  systems. 

The  first  is  easy  of  execution,  for  as  we  have  said  above  the  tonnage 
of  a  vessel  is  easy  to  determine. 

From  a  fundamental  point  of  view  it  might  be  alleged  that  whether 
loaded  or  not  vessels,  of  all  sizes  equally  profit  by  the  canals  and  the 
works  established  on  them.  Likewise,  it  might  be  averred  that  the  dimen- 
sions of  artificial  waterways  are  calculated  especially  as  regards  their 
least  depth  of  water,  according  to  the  draught  of  the  largest  ships 
expected  to  use  them  when  fully  loaded,  and  that  it  is  desirable  that 
the  dimensions  of  the  canals  be  entirely  utilised. 

But  these  considerations  are  not  consequent  and  do  not  agree  with  the 
principle  indicated  as  the  only  correct  one  for  the  calculation  of  dues. 
For  dues  should  be  fixed  not  according  to  the  use  made  of  the  canal  or 
the  works  established  on  it,  nor  according  to  the  expense  incurred  by  afiord- 
ing  £Etcilities  to  larger  vessels,  but,  as  we  have  said  above,  directly  in 
accordance  with  the  economical  advantage  offered  to  owners.  This  econo- 
mical advantage  having  no  connection  with  the  tonnage  of  the  vessels, 
but  on  the  contrary  lessening  as  soon  as  the  complete  tonnage  is  not 
utilised,  it  results  that  the  calculation  of  dues  according  to  tonnage  is  incor- 
rect and  not  in  accordance  with  the  fundamental  principle  we  have  indicated. 

If  this  calculation  has  been  used  and  maintained  up  to  the  present 
day  in  Prussia,  it  is  because,  in  consequence  of  the  existence  of  papers 
of  measurement,  it  was  practical  and  easy  of  application;  and  on  account 
of  the  moderation  of  the  units  of  tolls  the  injustice  and  inequality  of  the 
system  were  not  so  perceptible.  There  is,  however,  a  strong  current  of 
opinion  in  Prussian  navigation  circles  against  the  system. 

By  the  system  of  calculation  of  dues  according  to  the  ajctual  quantity  of 
the  cargo,  the  dues  are  justly  higher  in  proportion  as  the  cargo  is  larger. 

The  amount  of  the  due  is  thus  more  in  proportion  to  the  economical 
advantage,  for  the  latter  undoubtedly  increases  with  the  increase  in  the 
quantity  of  the  cargo,  while  by  the  system  of  taxation  according  to  the 
tonnage  of  the  vessel  it  lessens  in  proportion  as  the  cargo  decreases  and 
the  dues  remain  the  same. 

From  the  fundamental  point  of  view  this  system  is  the  most  correct 
of  all  those  which  we  have  examined  up  to  the  present.  To  become 
absolutely  in  accordance  with  the  principle  of  calculation  in  proportion 
to  the  economical  advantage  obtained,  it  certainly  requires  still  some 
modifications  with  respect  to  classification  of  goods  and  the  distance 
tmversed.  Of  this  we  will  speak  later  on. 
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It  is  true  that  many  difficulties  are  met  with  in  the  application 
of  this  system,  but  it  must  not  therefore  be  put  on  one  side  as 
impracticable,  for  it  exists  and  appears  to  answer  very  well  in  a 
large  number  of  countries,  among  others  in  Bavaria  on  the  Ludwig 
Canal. 

It  is,  however,  true  that  this  system  demands  a  deeper  acquaintance 
with  the  circumstances  of  navigation,  for  in  its  application  it  would  be 
necessary  to  examine  the  bills  of  lading  and  at  times  to  check  the 
cargo.  Only  at  places  where  the  statistics  of  interior  navigation  are 
sufficient  and  where  note  is  taken  of  the  transport  effected,  an  account 
must  be  given  by  the  boatman  of  the  quantity  of  the  cargo  and  the 
changes  it  may  have  undergone  in  the  course  of  the  journey;  and  here 
we  have  at  once  a  ready  means  of  verifying  with  ease  the  quantity  of 
the  cargo  at  the  time  of  collecting  the  dues. 

In  Germany  there  exist  statistics  of  traffic  on  canalised  ways,  but  they 
are  insufficient  to  fix  the  traffic  per  ton  and  per  kilometre.  They  relate 
more  to  loading  and  discharging,  arrival  and  departure  of  vessels  at  the 
more  important  points  of  inland  navigation. 

The  German  government  has,  however,  in  view  a  reform  which  aims 
at  the  formation  of  complete  statistics  of  inland  navigation,  and  pro- 
positions worthy  of  attention  have  been  received  from  various  competent 
circles,  principally  from  the  central  committee  for  the  improvement  of 
German  river  navigation. 

A  study  of  the  entire  question  would  here  lead  us  too  far  and  it  has 
already  been  considered  at  several  Congresses. 

Besides  the  possibility  of  discovering  the  quantity  of  the  real  cargo  by 
means  of  the  data  furnished  for  the  statistics  of  inland  navigation  there 
is  another  method  for  the  same  purpose.  That  is,  to  require  an  exact 
account  from  the  boatman  and  to  establish  at  the  same  time  a  com- 
petent control  by  compelling  the  boatman  to  affix  to  his  vessel  a  certain 
number  of  water  guages  of  an  obligatory  type  from  which  the  real  cargo 
could  be  immediately  read  off. 

I  need  not  here  enter  further  into  the  purely  technical  questions  of 
the  calculation  and  the  testing  of  guages,  of  their  correctness  in  showing 
the  weight  of  the  cargo  in  proportion  to  the  depth  of  immersion  etc. ; 
some  detailed  reports  on  this  subject  have  been  published  by  the  Berlin 
Central  Committee  for  the  improvement  of  inland  navigation,  which  I 
have   added   in   Annex   VII  for  the  use  of  those  interested  in  the  subjet. 

It  is  certain  that  the  real  cargo  of  the  vessel  can  thus  be  estimated 
within  a  few  tons,  and  even  exactly,  and  easily  determined  if  the 
guages  be  constructed  on  a  correct  and  uniform  basis. 

The  declaration  of  the  boatman  is  thus  controlled  in  the  most  simple 
manner;  to  this  may  be  added  another  control,  certainly  less  easy  and 
not  desirable,  viz.  the  revision  of  the  bills  of  lading  or  even  the  inspection 
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of  the   interior   of  the  vessel.  We  should  hesitate  long  before   employing 
such  means  of  control. 

In  the  first  place  the  intrusion  of  strangers  into  private  business  affairs 
concerning  only  the  sender  and  the  receiver  of  the  goods  is  not  agreeable 
to  the  owner  or  to  any  of  the  parties  concerned. 

Again,  it  frequently  occurs  that  the  bills  of  lading  are  not  on  board  or 
are  not  complete,  especially  at  the  time  of  a  hurried  loading  or  departure. 
It  is  evident  that  considerable  delay  would  result  from  these  methods  of 
controlling  the  declaration  of  the  boatman.  This  method  of  control  cannot 
be  entirely  rejected,  but  could  only  be  exercised  in  conjunction  with 
measures  affording  protection  to  the  boatman,  such  as  the  requirement 
of  the  most  scrupulous  discretion  on  the  part  of  the  examiners.  It  will 
be  understood  that  such  control  should  only  be  exercised  when  it  is 
indispensable  and,  if  possible,  only  in  cases  where  there  is  a  suspicion 
of  fraud. 

After  what  has  been  said  it  will  be  seen  that  calculation  of  navigation 
dues  according  to  the  real  cargo  of  the  vessel  is  very  possible,  although 
it  cannot  be  denied  that  there  are  dijQSculties  in  its  application.  If  we 
now  admit  the  possibility  of  its  application  (and  the  possibility  seems  to 
be  demonstrated  by  the  example  of  countries  where  the  system  is  in  force), 
we  must  absolutely  give  it  the  preference  above  all  other  systems  for  the 
collection  of  dues  according  to  the  tonnage  of  the  vessel,  because  all  other 
systems  diverge  too  much  from  the  fundamental  idea  of  a  tax  imposed 
as   compensation   for    an   economical   advantage  obtained  from  the  canal. 

Nevertheless,  it  would  scarcely  be  right  to  maintain  the  uniform  estah- 
lishment  of  this  system  on  all  navigable  ways  without  restriction  and  the 
withdrawal  of  all  the  others,  even  though  it  has  been  acknowledged  as 
the  most  equitable  and  the  most  practicable  one  possible.  We  ought 
rather  on  the  contrary  to  retain  the  principle  that,  with  the  exception 
of  systems  which  are  absolutely  impracticable,  on  canals  where  any 
other  system  (such  as  for  instance  calculation  according  to  the  tonnage 
of  the  vessel)  is  in  force,  changes  should  be  effected  with  the  greatest 
circumspection  and  only  when  they  are  in  accordance  with  the  wishes  of 
the  persons  interested.  For  usually  the  owners  have  been  for  many  years 
accustomed  to  the  system  in  force  and  have  based  on  it  their  tariffs 
of  freights ;  thus  as  a  general  rule  the  establishment  of  a  new  system 
greatly  disturbs  their  trade  and  from  a  material  point  of  view  effects 
rather   an   aggravation  than  a  decrease  of  the  charges  they  have  to  bear. 

Following  up  this  principle  we  may  now  demand  the  rejection  of 
insupportable  systems,  such  as  the  levying  of  dues  according  to  the  value 
of  the  goods,  which  constitutes  a  tax  upon  commerce  and  in  practice 
gives  rise  to  a  mass  of  difficulties. 

The  question  of  calculation  of  dues  according  to  the  tonnage  of  the  vessel 
presents  itself  in   a  different  light.  Even  if  we  admit  that  this  system  is 
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not  equitable,  that  it  does  not  take  into  account  the  height  of  the  water, 
a  point  BO  important  to  boatman,  we  must  not  decide  on  its  rejection, 
except  in  cases  where  really  great  difficulties  are  presented.  We  might 
for  instance  regard  canals  the  dimensions  of  which  allow  to  vessels  a 
complete  or  almost  a  complete  cargo,  and  many  other  great  difficulties 
arise  when  the  tax  remains  the  same  for  small  cargoes. 

The  question  of  the  establishment  of  a  new  tax  on  navigable  ways  is 
entirely  different.  Of  all  modes  of  collection  the  preference  may  be  without 
hesitation  given  to  the  system  based  on  the  real  cargo. 

Thus  for  example  in  Prussia,  the  real  cargo  is  considered  as  the  basis 
of  dues  on  all  the  projected  ways.  For  the  canal  from  Dortmund 
to  Emshafen  (unfortunately  not  yet  commenced)  and  for  the  Mittelland 
canal,  which  will  run  from  the  canal  from  Dortmund  to  Emshafen  to 
the  central  Elbe,  mention  at  least  is  made  of  the  system  in  the  propo- 
sitions of  interested  parties. 

2.  Consideration  of  tiie  distance  traversed. 

All  the  systems  of  calculation  already  mentioned  including  even  the 
system  of  calculation  on  the  real  cargo  are  incomplete,  so  long  as  the 
distance  traversed,  or  to  be  traversed  by  the  vessel  on  the  canal,  is  not 
taken  into  consideration.  The  question  presents  many  difficulties,  especially 
with  regard  to  collecting  offices. 

When  the  collecting  offices  are  placed  at  different  distances  from  each 
other  along  the  canal,  as  is  the  case  on  the  Marck  canals  of  Prussia, 
where  the  dues  are  collected  at  a  series  of  locks,  each  office  has  to  make 
a  complicated  calculation  of  the  dues  to  be  collected  for  the  distance 
traversed  by  the  vessel.  The  question  could  be  simplified,  it  is  true,  by 
the  establishment  of  fixed  and  invariable  tariffs  showing  the  sum  to  be 
paid  according  to  the  distance,  and  for  the  total  distance  from  one 
office  to  another;  but  this  would  not  suffice,  for  vessels  which  had  tra- 
versed only  a  part  of  any  of  these  distances  ought  not  to  be  required 
to  pay  for  the  total  distance,  but  still  they  should  pay  something.  The 
most  practical  system  would  without  doubt  be  to  collect  the  toll  due  for 
the  distance  to  be  traversed  as  declared  by  the  boatman  as  soon  as  the 
vessel  enters  the  canal,  and  this  declaration  is  easily  controlled.  An  inter- 
mediate office  for  collection  and  control  on  the  canal  —  on  the  largest  canals 
there  may  be  several  offices  —  could  collect  the  dues  imposed  on  ships 
which  traversed  only  a  distance  between  two  points  of  the  canal  and  also 
verify  whether  passing  boats  had  paid  their  dues  and  for  what  distances. 

In  order  to  make  sure  that  a  vessel  had  not  traversed  more  than  the 
distance  it  had  paid  for,  the  staff  of  officers  of  the  canal  would  have  the 
right  to  verify  at  the  times  of  landing,  loading  or  unloading,  the  amount 
of  the  dues  paid. 
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In  this  manner  and  under  these  conditions  the  distance  traversed  would 
be  taken  greatly  into  consideration  in  the  calculation  of  the  dues,  even 
on  canalised  ways,  on  which  the  distance  traversed  would  not  otherwise 
be  taken  into  account  and  the  system  of  calculation  per  ton  per 
kilometre  would  be  brought  into  practice. 

If,  however,  we  neglect  to  include  the  distance  traversed  in  the  canal 
dues,  we  meet,  especially  in  the  case  of  canals  of  great  extent,  with 
injustices  and  difficulties  which  the  owner  has  been  so  long  accustomed 
to  in  some  plac-es  that  he  no  longer  considers  them  as  injustices,  but 
they  might  very  well  be  dispensed  with. 

On  the  other  hand  for  canals  of  great  length  we  must  examine  whether 
the  multiplication  of  the  unit  of  dues  by  the  number  of  kilometres 
traversed  on  the  entire  length  of  the  canal,  or  on  great  parts  of  the  canal, 
would  not  give  a  total  relatively  too  high  of  dues  to  be  collected,  and 
if  in  this  case,  especially  where  moveable  tarifis  are  in  use  on  rival 
railways,  we  should  not  recur  to  the  system  of  moveable  tarifis. 

3.  ClassHloation  of  goods  transported. 

It  is  a  difficult  point  to  determine  whether  the  classification  of  goods 
embarked  is  useful  in  the  different  compilations  of  dues  and  up  to  what 
point  it  is  practicable.  According  to  the  principle  we  have  indicated  the 
justice  of  such  a  measure  can  hardly  be  contested.  From  the  fundamen- 
tal principle  which  we  have  laid  down,  that  navigation  dues  should 
as  far  as  possible  correspond  with  the  economical  advantage  afforded  by 
the  canal,  the  classification  of  goods  in  proportion  as  they  bring  a  higher 
average  freight  to  the  owner  is  essentially  well  founded.  If  the  calcu- 
lation of  dues  according  to  value  must  be  acknowledged  to  be  funda- 
mentaUy  wrong,  the  gradation  of  dues  in  different  units  for  goods  which 
bring  a  higher  or  a  lower  freight  will  not  only  be  equitable,  but  entirely 
founded  on  the  same  principle. 

It  is  true  that  principle  and  practice  clash  violently  in  this  case,  for 
the  collection  of  dues  is  rendered  difficult  by  this  classification  of  goods 
transported  and  the  more  difficult  in  proportion  as  the  classification  is 
more  detailed  and  more  exact. 

Classification  as  well  as  gradation  of  units  of  dues  both  being  applied, 
it  would  be  necessary  in  order  to  determine  the  tax  to  be  paid  by  a 
vessel  to  establish  its  cargo,  not  only  according  to  its  total  tonnage,  but 
according  to  the  different  sorts  of  goods  and  the  tonnage  of  each  of 
these  sorts 

Such  calculation,  however,  would  be  so  difficult,  tedious,  vexatious,  and 
often  impracticable  for  want  of  knowledge  of  the  real  cargo,  that  the 
execution  of  such  troublesome  work  could  only  cause  serious  injury  to 
navigation. 
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Nor  can  there  be  any  question  of  a  special  tarifif  for  each  sort  of  goods, 
for  in  navigation  tariffs  there  are  generally  but  few  gradations,  goods  of 
very  different  kinds  and  often  of  very  different  values  being  classed  in 
one  freight. 

On  the  contrary,  in  order  to  arrive  at  the  most  just  possible  tariff  of 
dues,  taking  into  account  the  highest,  the  medium,  and  the  lowest  units 
of  freight,  it  is  admissible  and  right  to  fix  a  few  gradations  and  to  clas- 
sify goods  according  to  these  general  groups. 

A  distinction  of  this  kind  is  already  in  practice  on  many  canals  in 
Russia,  where  raw  material  (distinctly  classified)  pays  only  one  half  of 
the  dues  fixed  for  other  goods. 

A  classification  in  three  sorts  might  perhaps  be  possible: 

1st  Goods  in  bales  (packages). 

2**^  Goods  in  bulk  of  higher  value  (for  example  wheat,  sugar,  etc.). 

3'^  Goods  in  bulk  of  low  value  (raw  material  as  coal,  stone,  ore, 
dung  etc.). 

A  classification  of  this  kind  admits  the  hypothesis  that  an  examination 
of  the  contents  of  the  vessel  and  a  detailed  list  of  the  different  consti- 
tuents of  the  cargo  being  obviated,  the  total  cargo  should  be  clas- 
sified and  not  any  part  of  it,  or  any  part  of  the  goods  (according  to  sort 
and  weight). 

This  has  up  to  the  present  time  been  strictly  adhered  to  in  Russia 
and  must  be  strictly  adhered  to  whenever  any  alterations  in  the  system 
occur. 

If  it  were  made  obligatory  to  specify  the  nature  of  the  cargo  and  to 
classify  distinctly  the  different  sorts  of  goods  according  to  the  different 
tariffs,  navigation  would  be  paralysed  and  the  loss  incurred  would  be 
much  more  important  than  the  surplus  of  dues  paid  by  the  owner  on 
account  of  a  part  of  his  cargo  being  placed  on  a  higher  tariff.  The  only 
remaming  course  is  to  place  the  cargo  in  the  highest  class  to  which  any 
of  its  goods  belong,  when  these  goods  exceed  a  certain  minimum  quantity. 

If  it  should  be  desired  to  take  for  the  classification  of  the  cargo  any 
other  basis  than  the  part  which  has  the  greatest  weight,  recourse  would 
have  to  be  had  to  an  examination  of  the  goods  loaded  and  a  calculation 
of  their  quantity,  whereas  according  to  the  system  explained  above,  if 
there  should  be  any  suspicion  a  glance  at  the  cargo  would  suffice  to 
determine  whether  it  does  or  does  not  exceed  the  minimum  allowed  for 
goods  belonging  to  the  higher  classification. 

A  few  hundredweight  or  a  few  tons  on  either  side  would  not 
make  any  difference.  The  result  of  this  rapid  classification  of  the  total 
cargo  would  be  that  when  its  heaviest  part  belongs  to  one  simple  class 
of  goods  of  a  higher  tariff — the  quantity  to  be  admitted  without  incur- 
ring the  higher  tariff  should  hardly  be  more  than  50  or  a  100  quintals 
(say   2Va   to   5   tons)    —  the  entire  cargo  of  the  vessel  would  fall  under 
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this  same  tariff.  This  difficulty  which  has  been  so  often  pointed  out  is 
however  inevitable,  but  as  I  have  said  above  it  is  in  any  case  less 
serious  than  the  injury  which  would  result  from  a  detailed  classification 
of  the  cargo.  We  may  briefly  recapitulate  the  observations  which  we  have 
made. 

A  classification  of  the  cargo  of  a  vessel  according  to  the  different  sorts 
of  goods  without  prejudice  to  navigation  is  only  possible  when  it  is  con- 
fined to  a  classification  of  the  total  cargo  in  one  of  the  principal  groups: 
goods  in  bales  (packages),  goods  in  bulk  of  a  higher  value,  and  raw 
material  (goods  in  bulk  of  low  value).  We  must  entirely  refrain 
from  a  classification  of  all  the  respective  constituents  of  the  cargo.  If  the 
vessel  contains  various  sorts  of  goods  (for  instance,  goods  in  bales  and 
goods  in  bulk)  the  dues  are  fixed  on  the  goods  coming  under  the  higher 
tariff  as  soon  as  the  total  of  these  goods  attains  a  certain  minimum 
quantity,  which  is  to  be  determined. 

D.  Particulars  of  the  calculation  of  dues  on  floats. 

The  dues  at  present  in  force  for  floats  are  extremely  v&rious. 

In  France,  according  to  the  law  of  1836  the  dues  were  levied  per  ten 
cubic  metres  (dicasOre).  On  the  present  conceded  ways  the  dues  are  levied 
partly  per  trunk,  according  to  the  average  circumference,  and  partly  per 
metre  in  length.  In  Holland  the  dues  are  generally  calculated  on  floats  in 
the  block,  sometimes  per  square  metre  instead  of  per  cubic  metre. 

In  Germany  there  is  great  difference  between  the  canal  from  the 
Danube  to  the  Maine  and  the  Prussian  canals. 

On  the  first,  floats  pay  on  the  same  system  as  boats,  that  is  per  ton 
per  kilometre  and  the  weight  is  calculated  by  taking  as  basis  the  cubic 
contents  as  follows: 

Oak  and  beeeh  wood 14JS8   cents  per  cubic  metre 

Wood  of  trees  with  acicalar  leaves    ....         2.66       «  «  « 

On  the  canals  of  Prussia  the  surface  is  mostly  calculated  in  square 
metres. 

For  instance  on  the  Marck  canals  it  was  formerly  per  2Vs  square  metres 
for  floats  of  square  cut  wood  and  per  3  square  metres  for  all  other  wood. 
Now  the  calculation  is  per  9  square  metres  of  surface. 

On  some  canals  the  dues  are  levied  according  as  the  locks  are 
entirely  filled  or  merely  to  the  half  or  one  quarter. 

For  floats  of  less  dimensions  than  is  generally  calculated  to  fill  one 
quarter  of  the  lock  payment  is  made  according  to  surface. 

With  these  different  methods  of  calculation,  implanted  in  different 
districts  and  which  often  give  rise  to  inconvenience,  it  is  hard  to  decide 
which  is  the  best;  for  besides  considerations  of  principle  there  are  prac- 
tical considerations  to  be  attentively  examined. 
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According  to  the  principle  hitherto  admitted  of  the  levying  of  naviga- 
tion dues  as  compensation  for  an  economical  advantage  offered,  float 
dues  should  be  determined  strictly  according  to  the  floating  quantity. 

In  a  certain  measure  (as  is  done  on  some  French  canals  and  the 
Ludwig  Canal  in  Bavaria)  the  cubic  contents  of  the  float  should  be  taken 
into  consideration  and  on  this  the  dues  should  be  based.  On  the  other 
hand  observations  gathered  in  practice  sufficiently  prove  that  if  the 
cubic  calculation  be  left  on  one  side,  it  is  only  the  surface  of  the  float, 
easy  to  measure  and  determine,  which  can  be  taken  as  basis  for  the 
calculation  of  the  dues. 

The  distance  traversed  or  to  be  traversed  may  be  taken  into  account 
in  the  same  way  as  it  is  for  vessels. 

The  float  dues  could  be  paid  at  the  collecting  offices  according  to 
the  tariffs  of  surface,  multiplied  by  the  number  of  kilometres. 

If  a  want  for  a  gradation  oi  tariffs  should  be  felt,  this  must  of  course 
be  arranged  in  the  same  way  as  is  done  for  vessels.  On  the  other  hand, 
as  we  have  said  above,  we  may  for  practical  considerations  leave  out  ot 
account  the  nature  and  the  weight  of  the  wood. 

E.  Conclusions  on  the  methods  of  calculation  of  dues. 

1.  Of  the  existing  systems  it  appears  that  the  system  of  calculation  on 
the  value  of  the  cargo  cannot  be  maintained. 

Calculation  according  to  the  tonnage  of  the  vessel  in  spite  of  its  simpli- 
city from  a  practical  point  of  view  gives  rise  to  difficulties  and  irregula- 
rities on  waterways  where  the  height  of  water  may  sometimes  be 
unfavourable. 

The  system  of  calculation  according  to  the  real  cargo  is  to  be  recom- 
mended as  most  correspending  to  the  character  which  it  is  desirable  to 
give  to  the  dues,  that  is  a  tax  for  the  economical  advantages  obtained, 
and  is  the  most  just  towards  the  owners. 

The  difficulties  in  its  application,  which  are  not  small,  will  disappear  by 
the  aid  of  just  measures  for  the  calculation  ofthe  cargo  and  a  proper  control. 

2.  When  navigable  ways  which  are  subject  to  dues  are  to  be  worked 
this  method  of  calculation  according  to  the  real  cargo  may  be  recommen- 
ded as  the  most  just.  For  navigable  ways  on  which  dues  are  collected 
according  to  tonnage  we  cannot  advise  a  change  in  the  system  or  the 
introduction  of  the  method  mentioned  above,  except  in  the  case  that  difli- 
culties  occur  and  a  change  is  in  accordance  with  the  expressed  desire  of 
the  persons  using  the  waterway. 

Generally  speaking  the  greatest  prudence  should  be  exercised  in  making 
changes  in  the  system  of  collecting  dues,  for  changes  are  or  might  be 
prejudicial  to  navigation. 

3.  In   a  perfect  method  of  calculation  of  dues  the  distance  traversed  or 


31 

to  be  traversed  on  the  navigable  way  should  also  be  taken  into  account 
and  the  tariffs  should  be  reckoned  par  ton  per  kilometre,  including 
also  gradations,   if  such   are   rendered   necessary  by  railway  competition. 

The  consideration  of  the  nature  of  the  goods  forming  the  cargo  should 
be  circumspect. 

Classification  without  prejudice  to  navigation  is  only  possible  when  it 
is  limited  to  the  classification  of  the  total  cargo  according  to  certain  prin- 
cipal groups,  as  goods  in  bales,  goods  in  bulk  and  raw  material. 

Any  classification  of  the  different  goods  forming  parts  of  the  cargo 
should  be  absolutely  avoided. 

4.  Dues  on  floats  are  fixed  according  to  the  real  quantity  calculated  in 
cubic  metres,  or,  what  is  in  practice  more  simple,  by  the  surface  measure- 
ment. Here  too,  in  the  same  way  as  for  vessels,  the  distance  traversed 
should  be  taken  into  account,  but  for  practical  reasons  the  nature  and 
the  weight  of  the  wood  cannot  bd  taken  into  consideration. 

iV.  EXEMPTION   FROM  AND   REDUCTION  OF  DUES.  ADDITIONAL  DUES. 

After  the  consideration  of  the  principle  of  the  calculation  of  dues  there 
remain  to  be  discussed  the  necessary  exceptions,  and  in  particular  the  cases 
of  exemption  and  reduction.  Here  as  in  all  cases  of  public  dues  the 
fundamental  principle  that  exceptions  be  as  limited  as  possible  must  be 
insisted  upon  and  only  authorised  when  they  are  well  founded,  for 
example  when  the  refusal  of  exemption  or  reduction  of  dues  would  give 
rise  to  difficulties. 

At  the  present  time  exemption  is  allowed  on  the  Prussian  canals  only 
to  vessels  or  floats  which  are  the  property  of  the  State,  or  are  transporting 
goods  for  the  account  of  the  State,  to  fishing  boats,  boats  worked  by 
hand  and  some  other  small  boats  of  the  same  kind.  On  some  canals 
also  to  vessels  which  navigate  the  canals  for  the  purpose  of  taking  orders, 
or  in  consequence  of  damage  received,  or  for  the  purpose  of  affording 
help  to  other  vessels;  in  one  word,  for  any  other  purpose  than  the  trans- 
port of  goods. 

In  Holland  also  exemption  is  allowed  to  vessels  belonging  to  the  State, 
as  in  general  to  vessels  transporting  material  for  public  works,  and  on 
some  canals  to  vessels  transporting  fodder  and  manure. 

This  last  exemption  is  also  allowed  on  certain  canals  in  Great  Britain. 
The  justice  of  this  exemption  allowed  to  vessels  belonging  to  the  State 
and  to  vessels  transporting  for  the  account  of  the  State  may  be  disputed ; 
although  for  canals  belonging  to  the  State  it  is  a  question  of  form,  for 
the  State  in  collecting  the  dues  would  merely  receive  what  it  was  called 
upon  to  pay. 

The  principle  of  cheapness  should  be  taken  into  consideration  and  it 
should  be  admitted  that  the  owner  of  the  canal  always  has  the  right 
to  favour   vessels   from    which  he  himself  derives  advantage;  likewise  no 
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objection  can  be  made  to  exemption  l>eing  accorded  to  vessels  transport- 
ing materials  for  the  use  of  State  works,  etc. 

The  principle  here  established  that  dues  should  be  merely  a  tax  for 
an  economical  advantage  obtained  will  also  justify  the  clause  already 
mentioned  of  certain  tariflfs  according  to  which  exemption  is  allowed  to 
vessels  npt  occupied  in  the  transport  of  goods,  but  having  other  objects 
(although  they  may  be  related  to  the  transport  of  goods)  such  as  taking 
orders,  collecting  information  or  affording  help.  etc.  For  in  using  the 
canal  for  these  motives  no  economical  advantage  is  obtained  and  therefore 
navigation  dues  cannot  be  claimed  in  virtue  of  the   principle   established. 

The  case  is  diflferent  if  the  dues  be  considered  as  a  compensation  for 
the  use  of  the  navigable  way. 

Exemption  and  reduction  for  empty  vessels  and  vessels  in  ballast 
require  special  consideration.  It  is  also  a  question  if  empty  boats  should 
be  entirely  free  or  pay  a  reduced  rate.  At  first  sight  and  according  to 
the  principle  of  cheapness  entire  exemption  would  appear  to  be  the 
right  course;  but  there  is  much  to  be  said  in  favour  of  a  reduced  rate. 

Apart  from  the  consideration  that  empty  boats  use  the  canal  and  should 
therefore  pay  the  dues  —  which  principle  has  in  no  way  been  presented 
here  —  it  may  be  suggested  also  (considering  the  dues  as  compensation 
for  an  economical  advantage  obtained)  that  the  navigation  of  vessels  with 
the  object  of  seeking  a  cargo  has  also  its  economic  value  for  the  merchant. 

From  a  point  of  view  of  purely  practical  opportunity  it  may  also  be 
taken  into  consideration  that  the  total  collection  of  dues  from  empty 
vessels  might  lead  to  a  small  increase  of  dues  on  loaded  vessels. 

The  fact  that  the  imposition  of  dues  on  empty  vessels  would  fall  directly 
and  solely  on  the  captain  who  had  not  been  able  to  find  a  return  freight 
and  was  therefore  obliged  to  return  empty,  speaks  in  favour  of  complete 
exemption  from  dues  for  empty  vessels.  The  navigation  of  empty  vessels 
does  not  per  se  produce  any  economical  advantage  and  the  principle  of  the 
levying  of  dues  for  the  simple  use  of  the  navigable  way  is  not  admissible. 
In  the  tariffs  in  force  this  point  is  regulated  in  very  various  ways.  In 
France  the  dues  are  greatly  reduced.  In  Holland  empty  boats  are  sometimes 
free  and  sometimes  pay  half  the  dues  or  enjoy  a  large  reduction.  In 
Prussia  up  to  quite  lately  it  was  nearly  always  one  sixth  of  the  tariff  and 
according  to  the  latest  regulations  still  less.  On  the  Bavarian  Ludwig  canal 
(from  the  Danube  to  the  Maine)  fixed  reduced  tariffs,  according  to  different 
classes,  are  established  for  such  vessels. 

In  some  canal  tariffs  there  exist  besides  reductions  for  vessels  which 
traverse  the  entire  length  of  the  canal  and  those  which  make  a  regular 
use  of  the  canal  or  some  part  of  it.  But  these  reductions  are  only  admissible 
in  so  far  as  the  advantages  afforded  to  persons  using  the  canal  have  regard 
to  the  competition  presented  to  the  canal  by  railways  or  rival  canals. 

No   great   importance  can  be  attached  to  them,  for  these  conditions  are 
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rarely  presented,  and  it  is  not  admissible  that  this  reduction  (small  as 
j[t  may  be)  should  be  allowed  to  influence  in  any  way  whatever  the  traffic 
on  the  canal.  There  is  another  and  more  important  point  to  be  discussed, 
namely,  whether  reductions  in  favour  of  vessels  of  extraordinarily  large 
dimensions  or,  on  the  contrary,  in  favour  of  those  of  small  dimensions 
should  be  declared  equitable  or  otherwise.  An  example  of  the  first  method 
was  in  existence  until  six  months  ago  on  the  Marck  canals  —  it  is  now 
abolished  —  according  to  which  dues  were  only  collected  on  a  certain 
relatively  moderate  maximum  of  116  tons  (at  the  present  day  these 
canals  are  used  by  vessels  of  400  tons).  And  in  this  way  larger  vessels 
had  to  pay  a  comparatively  very  reduced  rate,  sometimes  only  a  third  or 
still  less  of  the  sum  they  would  have  to  pay  if  charged  at  their  full 
tonnage. 

The  inequality  resulting  from  this  method  of  charges  to  the  small 
owners  often  caused  great  difficulties,  and  at  last  a  reform  was  decided 
upon  which,  however,  did  not  really  relieve  the  small  owners,  but 
only  placed  a  much  higher  tax  on  large  vessels  by  the  elevation  of  the 
maximum  taken  as  the  unit.  (Figures  relating  to  this  elevation  will  be 
found  in  the  report  of  the  Central  Committee  for  the  improvement  of 
fluvial  ways  in  Germany.  See  Annex  IV.) 

But  even  if  a  tax  of  this  kind  really  imposed  a  more  heavy  burden 
on  small  vessels,  and  on  the  other  hand  there  was  no  serious  motive 
for  favouring  large  vessels,  this  measure  must  nevertheless  not  be  con- 
sidered as  unfounded. 

Another  question,  which  we  will  not  further  examine  here,  is  whether, 
in  view  of  this  large  increase  imposed  suddenly  on  large  vessels,  it  would 
not  have  been  preferable  to  have  recourse  to  a  reduction  of  the  units 
of  dues  rather  than  to  an  elevation  of  them.  Favour  should  not  be 
accorded  to  large  any  more  than  to  small  vessels. 

Even  if  it  were  desirable  for  social  or  political  considerations  to  favour, 
by  reductions  of  this  nature,  the  small  owner  who  is  too  heavily 
burdened,  it  must  be  acknowledged  that  the  classification  presents 
difficulties;  for  frequently  these  small  owners  carry  on  the  transport 
for  large  owners  and  navigation  companies,  so  that '  these  only  would 
be  benefited.  Finally,  too  numerous  reductions  would  lead  or  might  lead 
to  an  elevation  of  the  units  of  dues  in  cases  where  the  collection  of  dues 
must  produce  a  fixed  total. 

There  remains  to  be  considered  the  question  of  secondary  dues  in 
addition  to  the  general  dues  for  navigation  on  fluvial  ways. 

At  the  commencement  of  our  work  we  rejected  this. 

From  the  point  of  view  of  the  principle  of  a  compensation  for  an 
economical  advantage  obtaiiled  from  the  use  of  the  canal,  these  secondary 
dues,  which  at  the  present  day  are  often  applied,  should  be  avoided, 
even  when  the  service  established  on  the  canal,   such  as  locks,  lifting   of 
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boats,  working  of  bridges  etc.  are  the  cause  of  expense  to  the  owner  of 
the  canal. 

Only  a  very  few  special  tolls  should  be  admitted,  such  as  for  the  use 
of  locks  etc.  during  the.  night,  for  this  service  would  only  be  demanded 
by  the  vessel  when  the  extra  speed  which  it  would  obtain  would  bring 
an  extra  profit.  On  the  same  principle  are  founded  dues  collected  for 
privileges  on  locks,  as  for  example  on  the  navigable  ways  in  Prussia. 

We  will  sum  up  the  conclusions  on  exemption  from  and  reduction  of 
dues  and  on  secondary  impositions  in  addition  to  the  general  dues. 

1^^  The  exemption  from  and  the  reduction  of  dues  should  be  limited 
as  much  as  possible.  Exemption  accorded  to  vessels  not  occupied  in  the 
transport  of  goods  —  as  is  allowed  by  some  tariffs  for  certain  cases  — 
is  legitimate  and  ought  to  be  maintained.  Empty  boats  should  be 
exempt  from  dues,  or  be  but  moderately  taxed  when  their  object  is 
partly  to  seek  for  transport. 

2°<*  In  general  all  other  reductions  and  favours  to  vessels  carrying 
goods,  whether  it  be  the  fixing  of  a  maximum  for  large  vessels,  or 
special  reductions  for  small  vessels,  should  be  avoided.  As  far  as  possible 
the  placing  on  an  equality  of  all  vessels  carrying  goods  is  the  most  just 
principle. 

3^^  The  collection  of  special  tolls  for  opening  locks,  raising  vessels, 
working  of  bridges  etc.  is  contrary  to  the  principle  of  compensation  for 
the  general  use  of  navigable  ways.  Still  a  certain  moderate  due  may  be 
levied  for  the  working  of  plant  during  the  night;  a  right  of  privilege  in 
locks  should  also  be  specially  taxed. 

V.  COLLECTION  OF  DUES.  CONTROL. 

I  may  be  allowed  to  make  a  few  brief  remarks  on  this  subject,  a 
detailed  report  being  more  in  the  province  of  those  gentlemen  who  have 
for  years  made  a  study  of  these  purely  practical  points.  The  collection 
of  dues  must  be,  and  will  be,  different  according  as  the  calculation  is 
made  at  the  collection  o£Gice  with  or  without  consideration  of  the  distance 
traversed.  In  the  second  case  — •  as  is  now  almost  generally  the  practice 
—  the  dues  should  be  paid  according  to  the  tariffs  at  certain  points  of 
the  canal,  generally  at  the  most  important  locks,  which  are  practically 
suitable  for  the  purpose,  on  account  of  the  continual  presence  of 
employes,  the  necessity  for  stopping,  etc.  In  the  first  case  certain 
changes  would  be  necessary. 

At  the  beginning  and  at  the  end  of  the  canal  collecting  offices  should 
be  established,  and  on  longer  canals  also  one  or  more  offices  in  the 
course  of  their  length.  A  suitable  point  is  just  before  or  past  a  lock. 
At  the  first  collecting  office  the  owner  should  pay  in  advance  the 
dues  for  all  the  distance  which  he  proposes  to  traverse. 
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The  collecting  offices  would  only  have  to  control  the  payment.  The 
collecting  office  where  the  boatman  pays  the  dues  should  give  him  a 
receipt  in  the  form  either  of  a  list  which  can  be  easily  and  rapidly 
filled  in  or  by  suitably  stamping  the  bills  of  lading. 

Besides  the  control  at  the  offices,  another  should  be  established  at 
the  places  where  vessels  discharge  between  two  collecting  offices  and 
should  be  confided  with  proper  instructions  to  the  harbour  masters, 
inspectors  or  other  functionaries  of  the  canal,  who  will  see  that  no 
farther  distance  has  been  traversed  than  that  for  which  dues  have 
been  paid. 

The  dues  according  to  the  distance  from  the  collecting  office  to  the 
place  of  destination  should  be  established  in  tables,  so  as  to  simplify  the 
calculation  and  allow  it  to  be  rapidly  made. 

The  control  of  the  real  cargo  should  be  made  by  functionaries  •  who 
are  always  present  at  the  place  of  collection.  Any  claims  or  difficulties 
which  might  arise  could  be  cleared  up  later  on. 

If,  on  account  of  damages,  the  sale  of  cargo,  orders  to  return,  or  any 
similar  reason  the  entire  distance  to  the  place  of  destination  be  not 
traversed,  a  claim  for  reimbursement  should  be  nciade  at  the  first 
opportunity. 

Translated  by  G.  J.  Rowland,  Amsterdam. 
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REVI  EW 

of  the  artificial  navigable  ways  in  Prussia,  for  the  use  of  which 
dues  are  collected  for  the  account  of  the  State ;  of  the  sums 
devoted  to  their  repair,  essential  improvement  and  enlargement, 
to  the  technical  service,  the  regular  maintenance  and  the  col- 
lection of  tolls,  according  to  the  average  drawn  from  the  State 
budget  for  the  period  1889  to  1890/91 ; 

as  also  of  the  amount  of  the  dues  collected  according  to  the 
average  figures  of  the  same  period. 
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N^ 


1. 


2. 


3. 


4. 


6. 


7. 


8. 


CANAL. 


II. 


Canal  between  Memel 
and  Pegel  by  way  of  the 
canalised  Gilge,  the  Seck- 
enburg  canal,  the  great 
Frederic  fosses  and  the 
Deime. 


Oberland-canal.  Navi- 
gable way  between  the 
Oberland  lakes  and  Elbing 
including  the  Schilling — 
Drewenz  canals. 

Vistula  HafF  canal. 

Uecker  canal. 


Length 
in 
km. 

III. 


The  canalised  Upper 
Netze. 

The  Bromberg  canal 
with  the  Brahe  and  the 
lower  Netze. 

Klodnitz  canal. 


The  Oder  from  Cosel 
to  Breslau  including  the 
entrance    to    the    Oppeln 

harbour   (Miihlgraben 
locks.) 


104 


134 


20 


0.325 


105 


55 


46 


157 


Number 

of 

locks. 

IV. 


EXPENSES  FOR  REPAIRS, 

ESSENTIAL  IMPROVEMENT  AND 

ENLARGEMENT. 


4 

locks 

and  5 

inclined 

planes. 

2 


For  essential  improvement  and  exte 
sion. 

The  expense  for  repairs  has  not  y 
been  determined.  As  regards  the  grei 
Frederic  fosses,  which  were  establishdl 
from  1688  to  1696  by  the  Count  oi 
Waldburg,  they  were  acquired  by  thi 
Government  in  accordance  with  a  deore< 
given  at  Charlottenbui^  the  29^^'  d 
August  1709  for  the  sum  of  6000(1 
thalers.  ' 


8 


14 


18 


For  repairs  2392134  M 

„    essential  improvement 

and  enlargement    665857.(^7  « 
The  expense  of  the  works  commencec 
in    1889/90    for   putting   this    canal  ii 
order  is  estimated  at  1120000  M. 


6 
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C-apital 
in  marks. 


VI. 


I  Interest  on 
Capital  at 

in  marks. 
Vli. 


Expense  of 

technical 

serTice,  ordi- 


Total  of 
the  sums 


1937850 


1079000 


60736 


3626522 


2512611 


3a5791)2 


1980668 


nary  mainte-  of  columns 

nance  and     yil  and 

collection        ^tjtt  :^ 

of  dues,  in      Vm  in 


marks. 

VIII. 


67825 


5735500         200743 


120798 


37765 


2126  . 


36429 


3156 


126928 


107030 


69323 


19554 


marks. 


IX. 


Amount 

of  dues 

received 

in  marks. 


52786        120611 

i 


321541 


74194 


5282 


59750        186678 


87941         140397        228338 


45911 


9012 


30988 


12680 


32301         139331 


4597 


112898 


3700 


88877 


12997 


Remarks. 


XI. 


Deficit  74700  M. 

„    against  column  VIII  6875  M. 


Deficit  312529  M. 

„  against  column  VIII 111786  M. 


Deficit  43206  M. 

„    against  column  VIII  5441  M. 
Profit  7408  M. 

In  consequence  of  this  a  reduction  of 
dues  was  made  by  the  tariff  of  July 
25th  1892. 

Deficit  182081  M. 

„  against  column  VIII 55153  M. 
Deficit  115440  M. 

against  column  VIII 27499  M. 


)j 


Deficit  135631  M. 

„  against  column  VIII 28607  M. 

On  account  of  the  interruption  to 
traffic  caused  by  the  repairs  of  1889/90 
and  1890/91  figures  corresponding  to 
the  yeai-s  1886/87  and  1887/88  are 
taken  as  a  basis. 
Deficit  75880  M. 

against  column  VIII 6557  M. 


?> 
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N^ 


I. 


CANAL. 


II. 


Length 

in 

km. 

III. 


Number 

of 
locks. 

IV. 


EXPENSES  FOR  REPAIRS, 

ESSENTIAL  IMPROVEMENT  AND 

ENLARGEMENT. 


9. 


The  Marck  canals  (be- 
tween the  Oder  and  the 
Elbe)  as  follows: 

1.  The  interior  dike 
canal. 

2.  The  Louisenstadt 
canal. 

3.  The  Spree-canal  (Kup- 
fer  fosses.) 

4.  Canal  from  Berlin  to 
Spandau. 


5.  Canal  between  the 
Spree  and  the  canal  from 
Berlin  to  Spandau. 

6.  The  Spree  from 
I^eibsch  to  its  junction 
with  the  Havel. 


7.  The  Havel  with  the 
Voss     canal     from     the 
Mecklenburg  frontier   to 
the  Liebenwald. 

8.  The  Templin  canal. 

9.  The  navigable  way 
from  liebenwald  to  Ho- 
hensaaten  (Pinow  canal.) 


10.  Malzer  canal  and 
the  regulated  Havel  to 
Spandau. 


1003 


10.5 


2.2 


8.3 


3.2 


176 


61 


23.2 


55.6 


47.3 


84 


3 


14 


7122488  N 
2501762  „ 

Expense  of  repairing  locks,    159633  ., 
remainder  unknown. 

Expense  of  repairing  one 
lock  403221  M.,  for  deepen- 
ing and  widening  in  the 
years  1889/90  and  1890/91 
160000  M.  together  563221 

remainder  unknown. 

Unknown. 


Repairs  to  the  Cossenblatt 
locks  122000  M.,  Charlot- 
tenburg  locks  680000  M.  and 
Expense  of  deepening  and 
enlarging  the  lower  Spree 
1751000  M.  together 
rest  unknown. 


2653000 


2248000  , 


Expense  of  repairing  the  3 
locks  270000 

Expense  of  canal  unknown. 

For  locks  6180000  M.,  for 
enlargement  and  improve- 
ment  during  the  last  15 
years  3535000  M.   together  9715000 

Expense  of  canal  un- 
known. 

Expense  of  locks  1617000 
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Capital 
n  marks. 


VI. 


Interest  on 
Capital  at 

in  marks. 
VII. 


Expense  of 
teohnioal 
seryioe,  ordi- 
nary mainte- 
nance and 
ooUeotion 
of  dnes,  in 
marks. 

VIII. 


Total  of 

the  sums 

of  columns 

VII  and 

VIII  in 
marks. 

IX. 


Amount 

of  dues 

received 

in  marks. 

X. 


Kbmabks. 


XI. 


55379566 


1938284 


873286 


2811569 


887566 


Deficit  1924013  M. 

Profit   against  column   VIII 

14271  M. 
In  consequence  of  the  increase  of  tariff 
in  the  financial  year  1892/93  the 
amount  of  the  dues  for  1893/94  is  esti- 
mated at  1017758  M.  Taking  this 
amount  as  hasis  we  find  a 

Deficit  of  1793811  M. 

and  the 

Profit  against   column   VIII 

144473  m. 
if    the    amount    of  expenses  has   not 
increased,  and  this  cannot  be   immedi- 
ately established. 
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N^ 


I. 


(9) 


CANAL. 


II. 


11.  Verbillin  canal. 

12.  The  regulated  Havel 
from  Spandau  to  the  Elbe 
including  the  Sacrow- 
Paretz  canal  and  the  Bran- 
denburg lock  canal. 

13.  Niederneuendorf 
canal. 

14.  Rheinsberg-Zechlin 
canal. 

16.  Lychener  canal. 


16.  Wentow  canal. 


17.  Ruppiner  canal  and 
the  Rhine  waterway. 

18.  Fehrbellin  canal  and 
the  Schwarzer  fosses. 

19.  The  regulated  Dosse. 

20.  Riidersdorf  waters. 

21.  The  Dahme. 

22.  Storkow  canal. 

23.  The  Oder^pree  canal. 

24.  The  Friedrich-Wil- 
helm  canal. 

25.  The  Old  Plauer 
canal  (Parey  canal)  and 
the  new  Plauer  canal  (Ihle 
canal). 


15.2 


21.5 


11.6 


66.5 

17 

17 
9 

39.5 

23 

100.6 

27 

64.6 


Number 

of 

locks. 

IV. 


2 
3 


1 
1 


8 
8 

6 


EXPENSES  FOR  REPAIRS, 
ESSENTIAL  IMPROVEMENT  AND 
ENLARGEMENT.  I 


453000  M 


In  the  last  10  years  for 
the  improvement  of  the 
Havel  200000  M.  Rest  un- 
known. For  the  Sacrow- 
Paretz  canal  and  the  locks 
2101000  M.  together 

For  the  canal  unknown. 

For  the  locks 


4101000 


125000 
804000 


Expense  of  canal  un- 
known. Improvement  of 
same  17000  M.  For  the 
locks  90000   M.   together 

For  the  locks  70000  M* 
For  the  establishment  of 
the  canal  unknown.  For 
improvement  6900  M. 
together 

For  the  canal  unknown 

For  the  locks 


107000    , 


For  the  canal  unknown. 

For  the  locks 

For  the  canal  unknown. 

For  the  locks 

For  the  canal  unknown. 

For  the  locks 

For  the  canal  unknown. 
For  the  locks 

Expense  of  establish- 
mentof  old  canal  unknown. 
For  the  establishment  of 
the  new  canal  and  the  im- 
provement of  both  canals 
General  total    .    . 


76900  « 

592000  , 
196620  ., 

4000  , 

436000  „ 

215000  n 

297000  . 
12825000  - 

1030000 


7366942  J 
55379566 1 
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Capital 
a  marks. 


VI. 


Interest  on 
Capital  at 

j       3'/2% 

I  in  marks. 
Vil. 


Amount 


Expense  of  rn  x  i     r 

technical  Aotal  of 

service,  ordi-  the  SUms 
nary  mainte-  of  columnsj    of  dueS 

nance  and  yil  and      ^Mftfeived 

collection  yill  in    '  0^^^ 

of  dues,  in 
marks. 


Remarks. 


VIII. 


marks. 


IX. 


in 


i]3arks. 


XI. 
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\ 

Length 

Number 

EXPENSES  FOR 

N". 

CANAL 

in 

of 

REPAIRS,  IMPROVEMENT  AND 

km. 

locks. 

ENLARGEMENT. 

1. 

II. 

III. 

IV. 

V. 

10. 

The     Saale     and     the 
Unstrut. 

241 

29 

For  the  locks  at  Halle  and  Alsleben 
Rest  unknown. 

11. 

Haale    Aue    with    the 
Bastenberg  lock. 

7 

1 

Unknown 

12. 

The    Treene    with   the 
lock  at  Friedrichfltadt. 

22 

1 

For  the  locks  and  draw-bridges. 

13. 

Ernst  AugiiHt  canal  with 
the  lock  at  Wilhelmflburg 
(Elbe). 

2.5 

1 

14. 

The  river  Schwinge  with 
the  Salzthor  lock  at  Stade. 

6.2 

1 

15. 

Fangetaken   fosses  near 
Osterholz. 

4 

Expense  of  establishment   unknown 
For  improvement  6218  M. 

16. 

Hamme-Oste  canal  with 
the  lock  at  Bremerforde. 

16 

1 

17. 

Bederkesa-Geste     canal 
with  the  lock  at  Bederkesa. 

11.4 

1 

18. 

(reorgsfehn  canals. 

a.  Georgfehn  canal. 

b.  North  Gteorgfehn  ca- 
nal. 

c.  South  Georgfehn  ca- 
nal. 

17.3 

4 

• 

19. 

Sielmonker  deep. 

7 

Expense   of  establishment  unknown 
For  improvement  in  1886  10000  M. 

20. 

Spoy  canal. 

10 

1 
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Capital 
B  marks. 

Interest  on 
Capital  at 

in  marks. 

Expense  of 
technical 
service,  ordi- 
nary mainte- 
nance and 
collection 
of  dues,    in 
marks. 

Total  of 

the  sums 

of  columns 

VII  and 

VIII  in 
marks. 

Amount 

of  dues 

received 

in  marks. 

Remarks. 

VI. 

VII. 

Vlll. 

IX. 

X. 

XI. 

r)a434i 

22202          18977 

36179 

30064 

Deficit                6116  M. 
Profit      against     column     VIII 

1 

16087  M. 

9a) 

900 

147 

Deficit                  753  M. 

360000 

12600 

1203 

13803 

1066 

Deficit              12737  M. 

„     against  column  VIII 137  M. 

140000 

4900 

4773 

9673 

957 

Deficit                8716  M. 

„    against  column  VIII  3816  M. 

167565 

5865 

1656 

7521 

1696 

Deficit                5925  M. 

„    against  column  VIII  60  M. 

621ii 

218 

33 

251 

18 

Deficit                  233  M. 

„    against  column  VIII  15  M. 

5.5000 

1925 

1344 

3269 

2306 

Deficit                  963  M. 

Profit  against  column  VIII 962  M. 

518000 

18130 

4550 

22680 

437 

Deficit               22243  M. 
„    against  column  VIII 4113  M. 

363000 

127a5 

274 

12979 

76 

Deficit              12903  M. 

„    against  column  VIII  198  M. 

lOOOO 

360 

« 

350 

900 

Profit                    550  M. 

The  profit   represents  interest   on   a 
capital   of  15914  M.,   which  would   not 
cover    the   unknown  expense  of  estab- 
lishment. 

439359 

16378 

8000 

23378 

3093 

Deficit              20285  M. 
„    against  column  VIII 4907  M. 

'8063928 

2732238 

1 

1375166 

4107404 

1160999 

Deficit           2946405  M. 
„  against  column  VIII 214167  M. 

FULLY  LADI 


lUU 

li 

— 

a 

— 

105 

6 

30 

3 

16 

110 

6 

60 

3 

30 

115 

6 

90 

3 

45 

116'/, 

7 

- 

3 

50 

over 

lie'l. 

not  taken  into  ftcconnt 

>unt 

Ton- 
nage 
in 

Amount 

loo- 
nage 

With 
fiill 

tons 

tons 

cargo. 

Pf. 

up  to. 

M.       Pf. 

up  to. 

H 

15 

5 

5 

5 

^I 

30 

10 

— 

10 

10 

— 

45 

15 

— 

15 

15 

— 

60 

20 

— 

20 

20 

— 

75 

25 

— 

26 

25 

— 

90 

30 

_ 

30 

30 

— 

O) 

35 

_ 

35 

35 

— 

20 

40        - 

40 

40 

- 

36 

45  ;  - 

45 

45 

— 

6 

60 

50        - 

60 

50 

— 

7 

66 

55    1    - 

66 

55 

— 

S 

80 

60       - 

60 

60 

— 

96 

66    1   - 

65 

65 

— 



70 

70 

70 

( 

token 

Keoant 

76    1   - 
80    1   - 

75 
80 

75 
80 

85 

_ 

86 

85 

90 

_ 

90 

90 

05 

„ 

95 

95 

100 

_ 

100 

105 

05 

105 

110 

10 

110 

115 

15 

115 

120 

20 

Il6'i, 

over 

over 

120 

not  taken 

116'/. 

not  tak 

into  accoant 

into  a 

Observation.    The  basis  of  dues  for   vessels  taxed 
table. 


L  Hamburg  or  AtMtnh  is  the  declare 
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REVI  EW 

of  the  artificial  navigable  ways  in  Prussia,  for  the  use  of  which 
dues  are  collected  for  the  account  of  the  State ;  of  the  sums 
devoted  to  their  repair,  essential  improvement  and  enlargement, 
to  the  technical  service,  the  regular  maintenance  and  the  col- 
lection of  tolls,  according  to  the  average  drawn  from  the  State 
budget  for  the  period  1889  to  1890/91 ; 

as  also  of  the  amount  of  the  dues  collected  according  to  the 
average  figures  of  the  same  period. 


Annex  III. 


TARIFF 

for  the  collection  of  navigation  dues  on  the   Uecker  canal 

near  Ueckermunde. 

Canal  dues  are  fixed: 

I.  For  sea-going  vessels : 

a,  with  cargo : 

on  entering 3  pf. 

on  leaving 3    « 

b,  in  ballast  or  empty 

on  entering 1    « 

on  leaving 1   « 

for  every  two  or  part  of  two  cubic  metres  capacity. 

II.  For  river  boats,  at  least  when  carrying  cargo,  either  on  entering  or 
leaving  the  canal:  for  entering  and  leaving  together  6  pf.  for  every  2000 
or  part  of  2000  kilogrammes  burden 

III.  For  tow-boats  without  reference  to  their  tonnage  25  pf  for  entering 
and  leaving  together  for  each  vessel. 

IV.  At  night  (one  hour  after  sunset  until  one  hour  before  sunrise)  an 
additional  toll  of  30  pi.  for  each  vessel. 

Exceptions. 

1.  Vessels  of  which  the  amount  of  the  cargo  does  not  exceed  one  fourth 
of  their  capacity  are  considered  as  in  ballast. 

2.  For  tow-boats  the  choice  is  left  open  instead  of  paying  toll  for  each 
journey  according  to  the  tariff,  to  pay  a  yearly  subscription,  the  amount 
of  which  is  fixed  by  the  administration  according  to  the  circumstances 
of  the  case. 

Exemptions. 

Exemption  from  canal  dues  both  on  entering  and  leaving  is  accorded  to : 

1.  Vessels  navigating  the  canal  only  for  the  purpose  of  procuring  infor- 
mation or  taking  orders  and  those  leaving  the  canal  without  taking  in  or 
discharging  cargo. 

2.  Vessels  which  put  into  the  canal  on  account  of  damage  suffered  or 
other  difficulties,  as  ice,  storm  or  contrary  winds,  and  leave  again  without 
discharging  or  taking  in  any  part  of  their  cargo. 

3.  Vessels  which  leave  or  enter  the  canal  for  the  purpose  of  affording 
aid  to  vessels  stranded  or  in  distress.   If  in  this  case  the  vessel  affording 
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aid  be  employed  in  discharging  stranded  goods,  it  is  only  exempted 
when  the  partly  unloaded  or  lightened  vessel  uses  the  canal  for  the 
purpose  of  again  embarking  the  goods  or  for  entirely  discharging. 

4.  Vessels  which 

a,  are  Royal  property,  or  the  property  of  the  German  Empire  or  of 
the  Kingdom  of  Prussia,  or 

b,  without  any  other  cargo  but  objects  for  royalty,  the  State  or  the 
Kingdom,  or  leavQ  the  canal  empty,  either  with  the  sole  purpose 
of  transporting  such  objects,  or  after  having  discharged  such 
exclusively. 

5.  River  vessels  which  enter  the  canal  empty  or  in  ballast  and  leave 
again  without  taking  cargo. 

6.  Boats  belonging  to  ships  and  all  vessels  of  not  more  than  twelve 
cubic  metres  capacity. 

7.  All  vessels  which  are  entirely  used  for  fishing  purposes  with  the 
exception  of  tow-boats. 

Additional  regulations. 

1.  The  capacity  of  the  vessel  is,  according  to  the  regulations  of  July 
the  6'*^  1872  and  of  June  the  20*^^  1888  respecting  ship  mrasuremenls, 
to  be  understood  as  the  average  net  capacity.  In  cases  where  for  the 
application  of  the  tariff  it  may  be  necessary  to  resolve  the  cargo  into 
capacity,  500  kilogrammes  are  to  be  taken  as  equivalent  to  one  cubic  metre 
capacity. 

2.  The  canal  dues  including  the  additional  tolls  both  for  entering  and 
leaving  are  collected  by  the  office  at  Ueckermiinde. 

SUttin,  July  the  25^i»  1892. 

The  provincial  director  of  dues 

L.  S   as  representative 

(signed)  Herros^. 

ADDENDUIM. 

By  virtue  of  special  authority  granted  to  me  on  the  2"'*  of  May  of  this 
year  —  III  5221  —  by  the  Minister  of  Finance  and  approved  by  the 
Minister  of  Public  Works,  the  following  additional  exemption  from  dues 
for  the  navigation  of  the  Uecker  canal  is  granted: 

Vessels  which  only  visit  the  canal  as  a  refuge  in  distress  and  are  in 
the  interest  of  safety  directed  by  the  inspector  to  lay  to  at  a  place  inside 
the  bar  are  exempt  from  the  additional  night  due  (IV)  on  entrance  as 
well  as  on  departure,  provided  the  latter  takes  place  the  same  night. 

Suttin,  June  the  7*^  1893. 

The  provincial  director  of  dues 

as  representative, 

(signed)    Hkrros^. 


Annex  IV. 


TARIFF    . 

for  the  collection  of  dues  for  the  navigation  of  the  canals  between 

the  Oder  and  the  Elbe. 

Dated  December  the  21^  1871. 
(With  the  changes  made  by  the  order  of  Augtist  1892.) 

A.  From  every  vessel  each  time  that  it  passes  any  one  of  the 
following  collecting  offices  (locks): 

on  the  Finow  canal  at  Liebenwalde  or  Neustadt-Eberswalde, 

on  the  Friedrich-Wilhelms  canal  at  Neuhaus  or  Brieskow, 

on  the  Spree  at  Cossenblatt,  Fiirstenwalde  or  Berlin, 

on  the  Havel  at  Zaarenschleuse,  Zehdenick,  Oranienburg,  Spandau, 

Brandenburg  or  Rathenow, 
on  the  Ruppin  canal  at  the  Theirgarten  lock  near  Oranienburg, 
on  the  Templin  canal  on  the  Kannenburg  lock, 
on   the  Planer  canal  at  Parey  or  at  Plane,  at  each  office  40  pf.  (1) 

for  every  5000  kilogrammes  or  live  torw  tonnage  is  levied. 

Less  amounts  than  5000  kilogrammes  are  counted  as  5000  kilogrammes. 

Exceptions. 

1.  Vessels  loaded  entirely  with  the  following  material  pay  only  one 
half  of  the  dues  noted  under  A: 

Fuel  (as  wood,  turf,  coal,  coke),  boards  up  to  a  length  of  one  metre 
etc.;  fodder,  rushes,  reeds,  sea-grass,  faggots,  planks,  bark,  tan,  tiles, 
drain-pipes,  granite  atone,  plaster  and  cement,  milled  fire-lime  and 
gypsum  stone  (including  rough  works  in  same);  with  earth  sand,  clay, 
earthenware,  gravel,  heavy  timber,  pig  and  cast-iron,  brick-dust  or 
gypseous  earth,  milled  stone,  lime  or  cement;  with  broken  glass,  loam, 
ashes,  iron  ore;   or   with   manure   as   dung,   marl,   gypsum,   lime,   refuse 


(1)  Fomerly  30  pf. 
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from  sugar  refineries,  bones  etc.;  with  salt,  Glauber's  salts,  saltpetre,  soda, 
potash,  waste  salts;  with  empty  casks,  cases,  baskets  or  sacks  (1). 

2.  Vessels  which,  apart  from  their  rigging,  food  for  the  crew  and 
certain  indispensable  objects,  such  as  bords  and  tubs,  do  not  carry  more 
than  300  kilogrammes  and  provided  they  do  not  carry  passengers,  pay 
only  one  pfennig  for  every  five  tons  or  part  of  five  tons  tonnage. 

The  same  reduction  is  made  to  vessels  which  only  serve  as  lighters. 

Observationa  on  1  and  2.  If  the  cargo  consits  partly  of  the  class  men- 
tioned under  1  and  partly  of  other  objects,  or  if  it  be  used  for  carrying 
passengers,  full  dues  are  charged. 

B.  Timber  floats  each  time  they  pass  any  one  of  the  offices  named 
under  A  pay  as  follows: 

1.  1.  Floats  consisting  wholly  or  partly  of  square  cut  wood  or  beams 
16  pfennigs  (formerly  12)  for  every  9  square  metres  of  surface  including 
the  propelling  apparatus. 

2.  All  other  floats  13  pfennigs  (formerly  18)  for  every  9  square  metres 
of  surface  including  the  propelling  apparatus. 

In  calculating  surface,  an  area  of  less  than  9  square  metres  is  charged 
as  9  full  square  metres,  while  an  excess  of  less  than  4^2  square  metres 
is  left  out  of  account,  and  an  excess  of  4^2  square  metres  or  more  is 
counted  as  9  square  metres. 

II.  If  the  floating  wood  is  loaded  with  staves  or  felly  wood  or  with 
objects  named  under  list  1  of  exceptions  under  A,  no  further  dues 
are  charged  except  those  quoted  under  B,  1. 

in.  If  the  float,  apart  from  the  rigging  and  provisions  for  the  crew, 
carries  other  objects  such  as  staves  or  felly  wood,  or  such  as  the  excep- 
tions under  A  1,  of  more  than  a  weight  of  300  kilogrammes,  it  has  to 
pay  a  due  of  five  siUergroschen  at  every  office  in  addition  to  the  dues 
noted  under  B,  1. 

Observation.  When  the  float  consists  of  several  parts  each  loaded  part 
coming  under  B  III  is  treated  as  a  separate  float. 

Exemptions. 

Dues  are  not  levied  on: 

1.  Vessels  or  floats  belonging  to  the  State  or  transporting  for  the  State 
on  production  of  a  pass. 


(4)   But   in   no   case  is  a  higher  due  levied  than  a  total  of  one  thaler  and  five  silber- 
groschen  (360  pf.).  (Since  4875  :  700  pf.) 
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2.  Fishing  boats,  pleasure  boats,  dingeys,  rowing  boats  and  such 
small  craft  which  according  to  the  nature  of  their  build  do  not  carry 
cargo,  when  they  do  not  require  any  special  lock  service,  if  they  give 
notice  of  their  intended  journey  at  the  first  lock  passed. 

3.  Vessels  and  floats  leaving  the  Landwehr  and  the  Louisestadt  canals 
at  Berlin  when  the  dues  have  been  paid  on  entering. 

Addlonal  regulations. 

1.  D\\pQ  are  to  be  paid  by  the  master  of  the  vessel  or  float  at  the 
appointed  collecting  office  before  entering  the  lock  unless  the  payment 
has  been  arranged  beforehand. 

2.  The  Minister  of  Finance  shall  decide  on  the  places  at  which  pay- 
ment is  to  be  made,  where  and  in  what  way  the  tonnage  of  the  vessel, 
nature  of  the  cargo,  and  exemptions  to  be  allowed  are  to  be   determined. 

3.  According  to  the  rules  under  N^  10  of  the  tariff"  for  the  Planer  canal, 
dated  November  the  14*^  1824  (parliamentary  records  S  220),  and  under 
N^  4  of  the  additional  rules  for  tariffs  on  the  canals,  between  the  Oder 
and  the  Elbe  dated  June  the  18"^  1828  (parliamentary  records  S  110). 


Annex  V. 


TARIFF 

for  the  collection  of  dues  on  the  Ladurig  canal. 


SPECIAL    RULES. 
A.  Navigation  dues. 

1)   Loaded    vessels  per  Sporro-Zollcenter  (50  kilogrammes)  per  kilometre 
traversed : 

I.  Class  0.06775  pfennigs. 


a)  Fuel,  as: 

Firewood, 

Peat, 

Charcoal, 

Coal, 

Turf, 

Coke, 

Tan-cake, 

b)  Building  materials,  as: 

Loam, 

Mortar, 

Marl, 

Drain  pipes, 

Sand, 

Worked  and  unworked  stone, 

Gravel, 

Quarry  and  plaster  stone, 

Potters  clay. 

Building  wood  and  cabinet  wood. 

Gypsum, 

Wood  from  local  saw  mills,  as : 

Lime, 

Cement, 

Boards 

Slates,  tiles  and  bricks, 

Planks  and  laths. 

c.  Lead,  iron  and  copper  ore : 

<» 

Spar, 

Wroughft-iron, 

Peat, 

Iron -filings  and  forge  scales. 

Litharge, 

Graphite, 

Pig-iron, 

Black  lead, 

d)  Refuse  and  manure  as: 

Ashes, 

Bone  manure, 

Quano, 

Poudrette, 

Lime, 

Phosphorates, 

Bones, 

Gypseons  soda, 

Powdered  bones, 

Sagar  refuse. 

(1)  To  this  belong  the  principal  objects  named  above. 
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II.  Class  0.077  pfennigs. 

All  goods  not  mentioned  in  the  first  class. 

2)  Empty  vessels  pay  per  kilometre  as  follows: 

Vessels  of  the  1st  class    .......    7.70  pfennigs. 

1  n      n      2nd     «  6.16  n 

It         UK     3rd    n        .......    3.86  • 

«  1       m       4th      n  3i06  n 

«  ft     «i     6tli    It         1.93  • 

ti  n       «i       6tll      «  .......      1.64  n 

A  loaded   vessel  for   which  the  canal  dues  would  not  be  so  high  as  if 
it  were  charged  in  its  class  as  empty,  is  charged  as  empty. 

3)  The  weight  of  the  cargo  is  determined  from  the  guages  of  the  vessel 
with  the  aid  of  the  bills  of  lading  and  other  available  indications. 

By   mixed   cargoes  some  goods  must   be  weighed  if  the  proportion  of 
weight  cannot  be  determined  from  the  tariffs. 

5)  A  reduction  of  dues  to  as  much  as  10  ^/q  is  allowed  to  vessels  doing 
a  regular  service. 

A  reduction  of  10  ®/q  is  also  allowed  to: 

a)  All  vessels   (not  doing  a  regular  service)  loaded  and  with  bills  of 
lading  direct  from  the  Rhine,  which  travel  the  whole  length  of  the  canal. 

b)  Vessels  loaded  with  wood  and  planks  entering  from  the  Danube  and 
travelling  the  whole  length. 

c)  All   other   goods  coming   by  ship  from  the  Danube  and  using  the 
canal  at  least  as  far  as  Neumarkt. 

6)  Dues  on  floats  and  their  burdens  are  arranged  according  to  the  above 
tariffs,  the  weight  being  calculated  on  the  cubic  measurement  as  follows: 

Oak  and  beeoh  wood 14.68  cwt.  per  cubic  metre. 

Pine  and  other  timber 9.66    nun  • 


\ 
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Annex  VII. 


Report  of  the  Central  Committee  of  Berlin  for  the  improvement  of 

Inland  Navigation  in  Germany. 

On  ship  measurement  and  water-guage. 

(Extract  from  a  report  to  the  Congress  of  December  1892). 


1)  If  canal  dues  are  to  be  calculated,  not  as  up  to  the  present  accor- 
ding to  the  tonnage,  but  in  future  according  to  the  weight  of  the  cargo, 
the  calculation  of  the  capacity  and  the  application  of  a  guage  is 
necessary. 

2)  The  guage  should  be  fixed  to  the  side  of  the  vessel  just  above 
the  water-line.  It  is  to  be  recommended  that  the  guage  should  be  so 
divided  that  the  weight  of  the  cargo  can  be  immediately  read  off  for 
every  or  10  tons. 

3)  It  is  advisable  that  the  guage  should  be  in  connection  with  an 
immersion  guage  divided  in  degrees  of  ten  metres,  from  which  the  depth 
of  immersion  can  be  immediately  read  oft.  The  greatest  admissible  depth 
of  immersion  should  be  plainly  indicated  in  this  guage. 

4)  The  guage  can  be  most  easily  checked  and  corrected  if  the 
measurement  of  the  vessel  is  arranged  according  to  the  proposals  of  the 
Commission  on  interior  measurements  of  vessels,  as  contained  in  the  report 
of  the  Central  Committee  of  June  the  18*^  1888. 

If  in  this  calculation  the  surface  area  of  the  upper,  middle  and  lower 
sections  (J5b,  Em  and  Eu)  be  fixed  with  regard  to  the  tonnage,  we  may 
for  a  vessel,  which  is  more  than  half  loaded,  use  the    following   formula : 

.  Eif    -h    Em  f  X 

^  =  -^00"  ^^-^"^ 

in  which  y  represents  the  actual  free-board,  y^  the  same  in  cm.  when  the 
vessel  is  fully  laden  and  ^  the  difference  between  the  full  tonnage  and 
the  real  weight  of  the  cargo  in  tons. 
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For  a  veseel  with  less  than  half  its  full  cargo  on  the  contrary 

Eu   4-  Em 


L   = 


aoo 


(A-Ao) 


18  applicable,  where  h  represents  the  real  depth  of  immersion,  h^  that 
of  the  vessel  in  em.  when  empty  and  L  the  weight  of  the  cargo  in  tons. 

According  to  the  above  formulae  the  weight  of  the  cargo  for  any  depth 
may  be  calculated  and  the  distances  between  the  dividing  lines  of  the 
degrees  of  the  guage  can  be  made  to  correspond  in  round  numbers 
by  intercalation  with  the  degrees  of  weight. 

In  the  same  way  by  the  use  of  the  above  formulae  the  correctness  of 
the  guage  may  be  tested. 

5)  The  measurement  table  mentioned  in  the  Report  of  July  the  18*** 
1888  may  be  retained  and  only  requires  completion  by  the  addition  of  for- 
mulae for  the  weight  of  the  cargo  after  the  manner  of  the  following  examples. 

6)  Example.  Given  or  found  by  measurement : 

Depth  of  empty  vessel  ho  =  30  cm. 

Depth  of  fully  laden  vessel  with  40  cm.  free-board  =  170  cm. 
Therefore,   difference   between  higher  and  lower  levels  =  170  —  30  = 
140  cm. 

Area  of  the  floating  levels : 

Eo    =  220  sq.  m. 
Em  =  200 
Eu    =  160 

Therefore  the  tonnage  Q  is: 


» 


V 


» 


J> 


Q  = 


140 


X 


220  +  4  .  200  +  160 
100 


=  275  tons. 


and   the    weight   of  the   cargo   L   with  the  free  board  y,  so  long  as  y  is 
<  110  cm. 

220  +  200 


L  =  275  — 


200 


(i^— 40)  =  275  -  2.1  (2/  40) 


and  when  the  depth  of  immersion  h  is  <^  100  cm. 

200+160 


L  = 


200 


(/i  —  30)  =   1.80  (h  —  30). 


Hence  the  following  results: 


Depth    of  immersion   in   cm. 

170 

160 

150 

140 

180 

120 

110 

100 

Weight  of  cargo  in  tons 

276 

264 

233 

212 

191 

170 

149 

128 

Height  of  free-board   in   cm. 

40 

50 

60 

70 

80 

90 

100 

110 
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and  according  to  the  second  formula: 


Depth   of  immersion  in    cm. 

30 

40 

50 

60 

70 

80 

90 

100 

Weight  of  cargo  in  tons 

0 

18 

36 

54 

72 

90 

108 

126 

Height  of  free-board   in   cm. 

180 

170 

160 

150 

140 

1 

130 

120 

110 

Thus  a  cargo  of  100  t.  corresponds  to  a  depth  of  immersion  of  85.6  cm. 
and  a  height  of  free-board  of  124.4  cm. 

A  cargo  of  200  t.  corresponds  to  a  depth  of  immersion  of  134.  3  cm. 
and  so  forth. 

The  tonnage  of  the  vessel  with  40  cm.  height  of  free-board  is  276  tons. 

So  long  as  the  height  of  the  free-board  remains  under  110  cm.  the 
weight  of  the  cargo  diminishes  by  2.10  tons  for  each  cm.  less  of  immersion 
and  further  by  1.80  ton  for  each  cm.  The  following  diagram  may  be  of 
service 


fully  laden 


water-level 


empty 


7.  As  no  very  great  exactitude  is  necessary  in  the  calculation  of  the 
weight  of  the  cargo  and  a  difference  of  a  few  tons  would  not  be  of 
importance,  and  as  on  some  inland  navigating  vessels  the  area  of  the 
floating  levels  Eo,  Em  and  En  do  not  differ  so  much  as  on  sea-going 
vessels,  the  calculation  of  the  weight  of  the  cargo  may  be  simplified  and 
can  be  found  as  nearly  as  is  necessary  without  taking  fresh  measurements 
of  the  vessel. 

For  example  let  the  tonnage  according  to  the  table  of  measurements 
be  as  above  Q  =  275  tons  and  the  depth  of  a  fully  laden  vessel 
with  a  free-board  of  40  cm.  170,  and  of  the   same   when   empty  30   cm., 
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cm.,  or  what  is  the  same  thing  the  free-board    for  loaded  or  empty   be 
respectively  40  cm.  and  180  cm.,  we  can  apply  this  formula: 


L  = 


275 


or 


L  = 


170  —  30 


275 
180  —  40 


37^  (A  -  30) 


(3/  -  48) 


in  which  L  represents  the  weight  of  the  cargo  with  the  depth  of  immer- 
sion h  and  the  free-board  y. 

This  formula  which  however  does  not  differ  much  from   the  preceding 
one  gives  the  following  values: 


Depth  of  immersion 
h  in  om. 

170 

160 

150 

140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

Weight  of  cargo 
L  in  tons. 

275 

255 

236 

216 

196 

177 

157 

137 

118 

98 

79 

59 

39 

20 

0 

Height  of  free- 
board in  cm. 

40 

60 

60 

70 

80 

00 

1 

100 

110 

120 

130 

140 

150 

160 

170 

180 

these  simplified   means   of  verification  can  be  applied  while  the  vessel  is 
passing  through  the  lock. 


Hatbchxk. 
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SUMMARY. 
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lY.    Influence  of  the  tonnage  of  the  boats. 
V.    Exemption  from  or  abatement  of  tolls. 
VI.    Mode  of  Collection.  —  Control. 
VII.    Dues  for  working  locks,  bars  and  bridges. 
VIII.    Supplementary  dues  at  night. 
IX.    Quay  dues. 


I.    PREFACE. 


I  propose  to  reply  briefly  and  in  the  order  in  which  they  have  been  put 
to  the  questions  contained  in  the  third  section  of  the  work  of  the  Con- 
gress, which  refers  to  tolls  on  navigable  ways. 

The  remarkable  reports,  which  were  presented  at  the  Paris  Congress 
in  1892,  have  rendered  much  easier  the  work  which  remains  to  be  done. 
They  have  cleared  the  ground  of  discussion  and  resolved,  or  thoroughly 
examined,  questions  of  principle.  We  have  now  only  to  establish 
the  facts  of  the  present  situation  in  the  different  countries,  the  rate  of 
tolls,  the  mode  of  their  collection,  control,  and  the  successive  phases 
which  have  led  up  to  the  present  state  of  things. 

Viewed  from  this  restricted,  but  practical  point  of  view,  the  study  is  still  full 


of  interest.  This  we  are  going  to  try  and  prove,  but  without  leaving  the 
bounds  which  have  been  assigned  to  our  work  and  which  embrace  solely 
the  navigable  ways  of  Belgium. 


II.  RATES  OF  TOLLS. 


Ways  adniDi-     ^^^^  of  the  Orators  most  listened  to  in  the  Belgian  Parliament  (1)  said 

Itota'*  ^^  ****  ^^   ^^^  ^^   ^  ^®^^  studied  speech  and  supported  by  documents,  that  the 

uniformity   of  tolls   on   the  canals  and  rivers  of  the  Country  appeared  to 

him   a   most  far  off  contingency  and  that  he  did  not  hesitate  to  say  that 

it  was  absolutely  unrealizeable. 

„It  has  been  laid  before  you",  he  said,  „as  a  thing  wich  would  be  eminently 
desirable.  Well,  I  reply  to  those  who  have  expressed  themselves  in  this 
sense,  that  they  have  imagined  a  Utopia;  that  the  uniformity  of  tolls  on 
Canals  and  rivers  is  utterly  impossible,  and  that  their  dream  will  never 
be  realized." 

What  appeared  impossible  in  1859  has  been  accomplished,  not  in  one 
day  but  gradually,  and  each  step  of  progress  has  been  influenced  by  the 
force  of  circumstances.  A  royal  decree  of  June  1*^  1886  orders 
uniformity  of  tolls  on  all  canals  and  uniformity  of  tolls  on  all  rivers 
administered  by  the  State. 

We  will  say  later  on  what  were  the  circumstances  and  the  necessities 
file  pressure  of  which  brought  about  this  result. 

We  will  somewhat  develope  this  part  of  our  work  as  we  wish  to  show 
the  various  trains  of  ideas,  the  different  opinions  which  have  been 
manifested  and  the  successive  points  of  view  from  which  the  rights  of 
navigation  in  Belgium  have  been  regarded  in  this  country  of  industry 
and  exportation,  where  the  question  of  transport  and  tolls  has  always  been 
regarded,  and  rightly  so,  as  an  essentially  vital  one. 

At  the  present  day,  as  we  have  just  said,  the  rate  of  tolls  is  uniform 
on  the  whole  of  the  system  administered  by  the  State.  There  is  one  sole 
rate  for  canals,  one  sole  rate  for  canalised  rivers.  The  exceptions  to  the 
rule  are  confined  to  two  or  three  particular  cases. 

After  a  long  period  of  trials  and  experiments  it  is  recognised  that  the 
tariff  of  dues  should  be  very  low  and  as  simple  as  possible  in  its 
application. 

The  principle  of  the  tariff  is  elementary.  It  consists  in  charging  the 
boats  in  proportion  to  their  cargo,  in  tons  of  1000  kilogrammes  and  on 
the  length  of  their  journey  in  kilometres. 

The  kilometric  ton  is  therefore  the  sole  basis  of  the  duty. 


(1)  Charabre  des  Repr^entants,  p.  56,  S^nce  du  18  Novembre  1859. 


3 

The   boats   are  charged   at  the  rate  of  five  millimes  per  kilometric  ton 
I  on  canals  and  one  millime  and  six  tenths  on  canalised  rivers. 

Altogether  the  kilometric  tonnage  transported  on  the  system  of  the  State 
—  strictly  limited  to  canals  and  rivers,  on  which  tolls  were  levied,  and 
therefore  not  taking  into  account  maritime  traffic  —  amounted  in  1892 
to  409,098,611  kilometric  tons,  which  brought  into  the  Treasury  in  round 
figures  1,200,000  francs.  The  kilometric  ton  paid  thus  a  rate  of  about  3 
millimes.  We  shall  see  farther  on  that  this  figure  is  justified  and  that  the 
^  rate   levied   represents  very   approximately   the  price  of  the  service  ren- 

dered to  navigation. 

Unloaded  boats  are  free  from  tolls  and  pay  in  all  only  20  centimes 
for  permission  to  travel.  No  tax  is  levied  on  rivers  which  are  under  the 
influence  of  the  tide,  nor  on  maritime  canals  in  so  far  as  regards  maritime 
navigation  in  its  proper  sense. 

Rafts  and  floats  of  wood  are  subject  to  the  same  charges  as  laden  boats. 
A  cubic  metre  of  wood  is  calculated  as  a  ton. 

The  masters  are  allowed  to  decide  for  themselves  whether  they  pay 
the  dues  for  the  entire  journey  on  one  single  waterway  at  the  office  of 
departure,  or  from  office  to  office  as  the  journey  proceeds. 

In  addition  to  the  system  of  ways  administered  by  the  State,  which  consists 
of  about  1800  kilometres,  there  are  conceded  ways  with  a  total  length  of 
95  kilometres,  and  a  system  of  secondary  ways  of  a  local  character,  which 
are  administered  by  the  provinces,  the  communes  and  private  syndicates, 
generally  the  so  called  „Wateringues".  This  system  is  constituted  as  follows: 

ProTlnoes 119  Kilometres. 

Commnnes 92  « 

Wateringnea 101  « 

Vntatabii-  It  is  seen  that  the  system  of  canals  Administered  by  the  Provinces  is  of 
mULH  Mtf  liDQited  extent.  It  only  now  exists  in  Flanders  and  is  of  small  importance, 
m  Ommiim.  Most  of  these  canals  date  back  to  a  remote  period.  They  have  long  since 
repaid  the  cost  of  theii  establishment,  and  in  East  Flandres  they  have 
long  since  been  freed  from  all  dues.  In  West  Flanders  the  ancient  dues 
have  been  maintained  up  to  a  later  date  and  it  was  only  on  the  15^^ 
of  June  1887  that  the  decree  was  issued  which  freed  all  provincial  canals 
from   tolls. 

The  communal  ways  are  for  the  most  part,  and  notably  so  in  Flanders, 
of  very  small  importance  and  their  traffic  is  very  limited. 

On  the  Callebeek,  on  the  Ghistelles  Canal,  on  the  Handzaeme  and 
Zarren  Canals  and  on  the  Oudenbourg  Canal,  no  dues  are  levied. 

On  the  other  communal  canals  tolls  are  charged  for  the  passage  of  bridges 

and  locks,  which  are  based  on  complicated,  difficult  and  divergent  tarrifs, 

the  irrational  origins  of  which  can  only  be  justified  by  their  antiquity. 

This   is   the   case   on   the   Eecloo   Canal   and   on  the  Eecloosch  Leiken 

administered  by  the  town  of  Eecloo,  and  on  the  Lieve,  the  Meerhem,  the 


wooden   quay  canal,   and  the  canal  connecting  the  Lys  with  the  canal 
from  Ghent  to  Temeuzen,  administered  by  the  town  of  Ghent. 

On  the  Eecloo  canals  the  bridge  dues  are  fixed  by  the  Royal  decree 
of  February  21«'  and  of  December  12^»^  1862  as  follows: 

for  all  oraft  of    36  tons  or  under 10  centimes 

«      <•       It      n     36  to    76  tons 20           • 

«      n        ti       fi     76    «     160    n 40            « 

«•      n        n      «    161    «•    or  over 60           • 

Rafts  and  wood  floats  per  metre 6           « 

At  Ghent  also  tolls  are  collected  at  the  passing  of  communal  turning 
bridges  with  the  exception  of  those  on  the  canal  connecting  the  Lys  with 
the  canal  from  Ghent  to  Terneuzen. 

These  dues  are  fixed  by  the  Royal  decree  of  March  31^*  1849  of  which 
the  tariff  is  still  more  complicated  than  that  of  Eecloo. 

A  Quay  duo  of  two  centimes  per  ton,  fixed  and  approved  by  the  decree  of  the  Regent  of  BCarch 
I"  1831,  Is  levied  on  all  watercourses  traversing  the  territory  of  the  town,  with  the  exoeptlon  of  those 
which  communicate  freely  with  the  Canal  from  Ohent  to  Terneuzen  and  which  are  considered  as 
belonging  to  the  port  of  Ghent. 

For  these  waters  the  dues  approved  by  the  Royal  decree  of  December  l*t  1880  are  fixed  at  eight 
centimes  per  ton  for  each  boat  loaded  or  unloaded  at  the  side  of  the  quays  or  banks,  and  at  four  cen- 
times for  every  boat  in  the  basin  employed  in  the  work  of  trans-shipment. 

The  canal  from  Brussels  to  the  Rupel  and  the  canal  from  Louvain  to 
the  Dyle  have  been  dug  at  the  expense  of  the  towns  of  Brussels  and 
Louvain  respectively.  They  are  both  of  great  importance. 

The  first  of  these,  generally  called  the  Willebroeck  canal,  is  the  oldest 
in  the  country  and  one  of  the  oldest  in  Europe.  It  was  dug  by  the  town 
of  Brussels  in  consequence  of  grants  allowed  by  Marie  de  Bourgogne  on 
June  4*»>  1477,  and  of  Charles  Quint  on  November  7^^  1531. 

The  Louvain  canal  dates  back  to  the  time  of  Marie  Th^r^se.  Its  estab- 
lishment was  authorised  by  a  grant  of  January  21»*  1750. 

Willebroeck  Canal. 

Every  boat  or  ship  navigating  on  the  Willebroeck  Canal  is  subjected  bytheBoyal  decree  of  Decem- 
ber 30<>>  1871,  Chapter  IV,  to  a  navigation  due  calculated  on  its  tonnage  and  the  importance  and  nature 
of  its  cargo. 

The  ton  Is  a  cubic  metre  or  1000  kilogrammes  fer  all  vessels  without  distinction. 

Boats  and  ships  are  with  respect  to  theirs  cargo  divided  into  three  classes. 

The  !•(  class  comprises  boats  laden  with  materials,  merchandise  or  other  objects  than  those 
mentioned  below. 

The  2<>d  class  comprises  boats  laden  with  coal  of  all  kinds,  bricks,  briquettes,  tiles,  fire- 
wood, marl,  cinders,  paving  stones,  hay,  straw,  broken  glass,  bones,  sea-water,  dung  and  manure,  earth, 
sand,  dike  stones,  soda,  rough  and  fine  salt,  rails  and  sleepers,  rough  eastings,  old  castings  and  old 
iron,  skins,  rags  and  old  ropes. 

The  3«(>  class  comprises  empty  boats. 

The  navigation  dues  are  fixed  per  ton  and  per  reach,  vis. : 

1"  class 6     centimes 

2»<»     * iSi         * 

3»«i      „ 2  * 

10  centimes  is   charged  for  each  receipt  under  10  francs  and  36  centimes.  Including  the  cost  of  receipt 
stamp,  on  each  receipt  for  a  higher  sum  than  10  franc. 

For  boats  laden  with  merchandise  belonging  to  more  than  one  class  the  dues  are  charged  on  the 
cargo  of  each  class.  Boats  of  less  than  10  tons  pay  for  a  cargo  of  this  capacity. 


Canal  from  Louvain  to  the  Dyle. 


The  naylgation  dues  are  fixed  by  the  Royal  decree  of  October  17't>  1868  at  8  centimes  per  ton 
per  reach,  or  40  centimes  for  the  whole  length  of  the  canal  Including  a  return  Journey  for  ships  and 
boats  arrlYing  and  departing  with  cargo. 

A  reduction  of  one  third  is  allowed  on  empty  boats  and  on  boats  doing  a  regular  service  {baUaux 
messagirs).  A  reduction  of  one  half  Is  allowed  on  boats  arriving  and  departing  empty. 


The  particulars  given  above  show  the  diversity  of  the  principles  on 
which  the  dues  on  the  Communal  Canals  have  been  fixed.  The  dissimi- 
larity would  have  appeared  much  more  complete,  if,  after  the  tariffs 
establishing  the  tolls,  had  been  inserted  the  long  list  of  exceptions,  rebate- 
ment  of  charges,  exemptions  and  reductions. 

Many  of  the  Communal  Canals  are  completely  free.  Others  only  partially 
so,  the  liberty  applying  to  empty  boats,  manure-laden  boats,  boats  of 
which  the  tonnage  is  below  a  certain  limit,  boats  employed  in  dredging 
transports  for  public  works,  for  the  administration  of  the  State,  to  sailing 
boats,  and  even  regulated  by  of  the  number  of  masts  carried.  (1) 

The  unit  basis  of  the  application  of  tariffs  is  essentially  variable 
according  to  the  navigable  way  and  the  conditions  of  navigation. 

At  Eecloo  and  at  Ghent  it  is  not  the  ton  of  cargo,  but  the  ton  of  capa- 
city which  is  tax^d.  The  dues  are  invariable  on  certain  limits  of  the  way 
traversed,  as  the  collection  only  takes  place  at  the  passing  of  certain  con- 
structive works.  This  collection  is  again  complicated  by  the  fact  that  it  is 
not  proportional  to  the  tonnage  of  the  boat,  but  varies  according  to  a 
tarrif  a  paliers  (landing  stages)  to  employ  a  term  used  on  railways  and 
applicable  in  this  case. 

Another  complication,  but  a  much  larger  one,  exists  on  the  canal  from 
Brussels  to  the  Rupel.  On  this  way,  as  is  the  case  also  on  the  canal  from 
Louvain  to  the  Dyle,  the  unit  is  the  ton  of  capacity  and  not  the  ton 
weight,  and  the  unit  of  distance  is  the  reach,  the  length  of  which  varies 
considerably.  But  this  is  not  all  the  difficulty  in  the  application,  the 
greatest  resulting  &om  the  fact  that  the  tariff  is  differential  according  to 
the  nature  and  class  of  the  merchandise. 

It  is  easy  to  imagine  to  what  confusion  such  a  system  must  lead  when 
it  is  a  question  of  mixed  cargoes  belonging  to  several  different  classes. 
What  is  then  for  each  of  these  the  quota  in  tons  to  be  taxed?  What 
should  be  the  volume  which  any  part  of  the  cargo  should  attain  before 
it  is  subject  to  the  tariff  of  its  class  ?  What  reduction  should  be  made 
for  empty  boats?  How  arrange  the  tolls  when  partial  dischargements  are 
made  in  the  course  of  the  route? 

The  arrangement  of  the  tariff  on  navigable  ways  administered  by  con- 
cessionary companies  reminds  us  in  many  respects  of  the  one  in  force  on 


(i)  Art  2  of  Royal  decree  of  May  the  31st  1849  (town  of  Ghent). 
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and  according  to  the  eecond  formnla: 


Depth   of  immersion  in   cm. 

30 

40 

60 

60 

70 

80 

90 

100 

Weight   of  cargo  in  tons 

0 

18 

36 

54 

72 

90 

108 

126 

Height  of  free-board  in   cm. 

180 

170 

160 

150 

140 

130 

120 

110 

Thus  a  cargo  of  100  t.  corresponds  to  a  depth  of  immersion  of  85.6  cm. 
and  a  height  of  free-board  of  124.4  cm. 

A  cargo  of  200  t.  corresponds  to  a  depth  of  immersion  of  134.  3  cm. 
and  so  forth. 

The  tonnage  of  the  vessel  with  40  cm.  height  of  free-board  is  275  tons. 

So  long  as  the  height  of  the  free-board  remains  under  110  cm.  the 
weight  of  the  cargo  diminishes  by  2.10  tons  for  each  cm.  less  of  immersion 
and  further  by  1.80  ton  for  each  cm.  The  following  diagram  may  be  of 
service 


fully  laden      ^ 


ir 


water-level 


empty 


7.  As  no  very  great  exactitude  is  necessary  in  the  calculation  of  the 
weight  of  the  cargo  and  a  difference  of  a  few  tons  would  not  be  of 
importance,  and  as  on  some  inland  navigating  vessels  the  area  of  the 
floating  levels  Eo,  Em  and  En  do  not  differ  so  much  as  on  sea-going 
vessels,  the  calculation  of  the  weight  of  the  cargo  may  be  simplified  and 
can  be  found  as  nearly  as  is  necessary  without  taking  fresh  measurements 
of  the  vessel. 

For  example  let  the  tonnage  according  to  the  table  of  measurements 
be  as  above  Q  =  275  tons  and  the  depth  of  a  fully  laden  vessel 
with  a  free-board  of  40  cm.  170,  and  of  the   same   when   empty  30    cm., 
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cm.,  or  what  is  the  same  thing  the  free-board   for  loaded  or   empty   be 
respectively  40  cm.  and  180  cm.,  we  can  apply  this  formula: 


L  = 


275 


170  —  30 


(^h  -  80) 


or 


L  = 


275 


180  —  40 


(2/  -  48) 


in  which  L  represents  the  weight  of  the  cargo  with  the  depth  of  immer- 
sion h  and  the  free-board  y. 

This  formula  which  however  does  not  differ  much  from   the  preceding 
one  gives  the  following  values: 


Depth  of  immersion 
h  in  cm. 

170 

160 

160 

140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

Weight  of  oargo 
L  in  tons. 

276 

255 

236 

216 

196 

177 

157 

137 

118 

98 

79 

59 

39 

20 

0 

Height  of  free- 
board in  cm. 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

these  simplified   means  of  verification  can  be  applied  while  the  vessel  is 
passing  through  the  lock. 
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I.    PREFACE. 


I  propose  to  reply  briefly  and  in  the  order  in  which  they  have  been  put 
to  the  questions  contained  in  the  third  section  of  the  work  of  the  Con- 
gress, which  refers  to  tolls  on  navigable  ways. 

The  remarkable  reports,  which  were  presented  at  the  Paris  Congress 
in  1892,  have  rendered  much  easier  the  work  which  remains  to  be  done. 
They  have  cleared  the  ground  of  discussion  and  resolved,  or  thoroughly 
examined,  questions  of  principle.  We  have  now  only  to  establish 
the  fiftcts  of  the  present  situation  in  the  different  countries,  the  rate  of 
tolls,  the  mode  of  their  collection,  control,  and  the  successive  phases 
which  have  led  up  to  the  present  state  of  things. 

Viewed  from  this  restricted,  but  practical  point  of  view,  the  study  is  still  full 


of  interest.  This  we  are  going  to  try  and  prove,  but  without  leaving  the 
bounds  which  have  been  assigned  to  our  work  and  which  embrace  solely 
the  navigable  ways  of  Belgium. 


II.  RATES  OF  TOLLS. 


Ways  admini-     One   of  the  Orators  most  listened  to  in  the  Belgian  Parliament  (1)  said 

StatG**  **^  ****  ^^   ^^^^   ^^   ^  ^^^^  studied  speech  and  supported  by  documents,  that  the 

uniformity   of  tolls  on   the  canals  and  rivers  of  the  Country  appeared  to 

him   a   most  far  off  contingency  and  that  he  did  not  hesitate  to  say  that 

it  was  absolutely  unrealizeable. 

„It  has  been  laid  before  you",  he  said,  „as  a  thing  wich  would  be  eminently 
desirable.  Well,  I  reply  to  those  who  have  expressed  themselves  in  this 
sense,  that  they  have  imagined  a  Utopia;  that  the  uniformity  of  tolls  on 
Canals  and  rivers  is  utterly  impossible,  and  that  their  dream  will  never 
be  realized." 

What  appeared  impossible  in  1859  has  been  accomplished,  not  in  one 
day  but  gradually,  and  each  step  of  progress  has  been  influenced  by  the 
force  of  circumstances.  A  royal  decree  of  June  1^*^  1886  orders 
uniformity  of  tolls  on  all  canals  and  uniformity  of  tolls  on  all  rivers 
administered  by  the  State. 

We  will  say  later  on  what  were  the  circumstances  and  the  necessities 
fhe  pressure  of  which  brought  about  this  result. 

We  will  somewhat  develope  this  part  of  our  work  as  we  wish  to  show 
the  various  trains  of  ideas,  the  different  opinions  which  have  been 
manifested  and  the  successive  points  of  view  from  which  the  rights  of 
navigation  in  Belgium  have  been  regarded  in  this  country  of  industry 
and  exportation,  where  the  question  of  transport  and  tolls  has  always  been 
regarded,  and  rightly  so,  as  an  essentially  vital  one. 

At  the  present  day,  as  we  have  just  said,  the  rate  of  tolls  is  uniform 
on  the  whole  of  the  system  administered  by  the  State.  There  is  one  sole 
rate  for  canals,  one  sole  rate  for  canalised  rivers.  The  exceptions  to  the 
rule  are  confined  to  two  or  three  particular  cases. 

After  a  long  period  of  trials  and  experiments  it  is  recognised  that  the 
tariff  of  dues  should  be  very  low  and  as  simple  as  possible  in  its 
application. 

The  principle  of  the  tariff  is  elementary.  It  consists  in  charging  the 
boats  in  proportion  to  their  cargo,  in  tons  of  1000  kilogrammes  and  on 
the  length  of  their  journey  in  kilometres. 

The  kilometric  ton  is  therefore  the  sole  basis  of  the  duty. 


(1)  Charubre  des  Repr^sentants,  p.  56,  S^nce  du  18  Novembre  1859. 
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The  boats  are  charged  at  the  rate  of  five  millimes  per  kilometric  ton 
on  canals  and  one  millime  and  six  tenths  on  canalised  rivers. 

Altogether  the  kilometric  tonnage  transported  on  the  system  of  the  State 
—  strictly  limited  to  canals  and  rivers,  on  which  tolls  were  levied,  and 
therefore  not  taking  into  account  maritime  traflSc  —  amounted  in  1892 
to  409,098,611  kilometric  tons,  which  brought  into  the  Treasury  in  round 
figures  1,200,000  francs.  The  kilometric  ton  paid  thus  a  rate  of  about  3 
millimes.  We  shall  see  farther  on  that  this  figure  is  justified  and  that  the 
rate  levied  represents  very  approximately  the  price  of  the  service  ren- 
dered to  navigation. 

Unloaded  boats  are  free  from  tolls  and  pay  in  all  only  20  centimes 
for  permission  to  travel.  No  tax  is  levied  on  rivers  which  are  under  the 
influence  of  the  tide,  nor  on  maritime  canals  in  so  far  as  regards  maritime 
navigation  in  its  proper  sense. 

Rafts  and  floats  of  wood  are  subject  to  the  same  charges  as  laden  boats. 
A  cubic  metre  of  wood  is  calculated  as  a  ton. 

The  masters  are  allowed  to  decide  for  themselves  whether  they  pay 
the  dues  for  the  entire  journey  on  one  single  waterway  at  the  oflSce  of 
departure,  or  from  office  to  office  as  the  journey  proceeds. 

In  addition  to  the  system  of  ways  administered  by  the  State,  which  consists 
of  about  1800  kilometres,  there  are  conceded  ways  with  a  total  length  of 
95  kilometres,  and  a  system  of  secondary  ways  of  a  local  character,  which 
are  administered  by  the  provinces,  the  communes  and  private  syndicates, 
generally  the  so  called  „Wateringues".  This  system  is  constituted  as  follows: 

Provinces 119  Kilometres. 

Gommnnes 92  « 

Wateringnes 101  « 

lilt  atfataii-  It  is  seen  that  the  system  of  canals  jadministered  by  the  Provinces  is  of 
'  „4  limited  extent.  It  only  now  exists  in  Flanders  and  is  of  small  importance. 
Most  of  these  canals  date  back  to  a  remote  period.  They  have  long  since 
repaid  the  cost  of  theii  establishment,  and  in  East  Flandres  they  have 
long  since  been  freed  firom  all  dues.  In  West  Flanders  the  ancient  dues 
have  been  maintained  up  to  a  later  date  and  it  was  only  on  the  15^^ 
of  June  1887  that  the  decree  was  issued  which  freed  all  provincial  canals 
from   tolls. 

The  communal  ways  are  for  the  most  part,  and  notably  so  in  Flanders, 
of  very  small  importance  and  their  traffic  is  very  limited. 

On  the  Callebeek,  on  the  Ghistelles  Canal,  on  the  Handzaeme  and 
Zarren  Canals  and  on  the  Oudenbourg  Canal,  no  dues  are  levied. 

On  the  other  communal  canals  tolls  are  charged  for  the  passage  of  bridges 
aud  locks,  which  are  based  on  complicated,  difficult  and  divergent  tarrifs, 
the  irrational   origins   of  which  can  only  be  justified  by   their  antiquity. 

This  is  the  case  on  the  Eecloo  Canal  and  on  the  Eecloosch  Leiken 
administered  by  the  town  of  Eecloo,  and  on  the  Lieve,  the  Meerhem,  the 


wooden   quay  canal,   and  the  canal  connecting  the  Lys  with  the  canal 
from  Ghent  to  Terneuzen,  administered  by  the  town  of  Ghent. 

On  the  Eecloo  canals  the  bridge  dues  are  fixed  by  the  Royal  decree 
of  February  21^*  and  of  December  12^^  1862  as  follows: 

for  all  craft  of    25  tons  or  under 10  centimes 

*i      n       fi      «     36  to    76  tons 20           * 

i>tinn76i>160» 40             « 

n      n        «      fi    151    H    or  over 60           «• 

Rafts  and  wood  floats  per  m&tre 6          <i 

At  Ghent  also  tolls  are  collected  at  the  passing  of  communal  turning 
bridges  with  the  exception  of  those  on  the  canal  connecting  the  Lys  with 
the  canal  from  Ghent  to  Terneuzen. 

These  dues  are  fixed  by  the  Royal  decree  of  March  31^*  1849  of  which 
the  tariff  is  still  more  complicated  than  that  of  Eecloo. 

A  Quay  due  of  two  centimes  per  ton,  fixed  and  approved  by  the  decree  of  the  Regent  of  liarch 
1»  1831,  is  levied  on  all  waterconrses  traversing  the  territory  of  the  town,  with  the  exception  of  those 
which  communicate  freely  with  the  Canal  from  Ghent  to  Terneuzen  and  which  are  considered  as 
belonging  to  the  port  of  Ghent. 

For  these  waters  the  dues  approved  by  the  Royal  decree  of  December  1*(  1880  are  fixed  at  eight 
centimes  per  ton  for  each  boat  loaded  or  unloaded  at  the  side  of  the  quays  or  banks,  and  at  four  cen- 
times for  every  boat  in  the  basin  employed  in  the  work  of  trans-shipment. 

The  canal  from  Brussels  to  the  Rupel  and  the  canal  from  Louvain  to 
the  Dyle  have  been  dug  at  the  expense  of  the  towns  of  Brussels  and 
Louvain  respectively.  They  are  both  of  great  importance. 

The  first  of  these,  generally  called  the  Willebroeck  canal,  is  the  oldest 
in  the  country  and  one  of  the  oldest  in  Europe.  It  was  dug  by  the  town 
of  Brussels  in  consequence  of  grants  allowed  by  Marie  de  Bourgogne  on 
June  4*»»  1477,  and  of  Charles  Quint  on  November  7**^  1531. 

The  Louvain  canal  dates  back  to  the  time  of  Marie  Th6rfese.  Its  estab- 
lishment was  authorised  by  a  grant  of  January  21"*  1750. 

Willebroeck  Canal. 

Every  boat  or  ship  navigating  on  the  WUlebroeok  Canal  is  subjected  by  the  Royal  decree  of  Decem- 
ber SO^  1871,  Chapter  IV,  to  a  navigation  due  calculated  on  its  tonnage  and  the  importance  and  nature 
of  its  cargo. 

The  ton  is  a  cubic  metre  or  1000  kilogrammes  for  all  vessels  without  distinction. 

Boats  and  ships  are  with  respect  to  theirs  cargo  divided  into  three  classes. 

The  !><  class  comprises  boats  laden  with  materials,  merchandise  or  other  objects  than  those 
mentioned  below. 

The  2nd  class  comprises  boats  laden  with  coal  of  all  kinds,  bricks,  briquettes,  tiles,  fire- 
wood, marl,  cinders,  paving  stones,  hay,  straw,  broken  glass,  bones,  sea-water,  dung  and  manure,  earth, 
sand,  dike  stones,  soda,  rough  and  fine  salt,  rails  and  sleepers,  rough  castings,  old  castings  and  old 
Iron,  skins,  rags  and  old  ropes. 

The  Sad  class  comprises  empty  boats. 

The  navigation  dues  are  fixed  per  ton  and  per  reach,  viz.: 

1*1  class G     centimes 

2»««     1. 4H         " 

8»«»     « 2  !» 

10  centimes  is  charged  for  each  receipt  under  10  francs  and  35  centimes,  including  the  cost  of  receipt 
stamp,  on  each  receipt  for  a  higher  sum  than  10  franc. 

For  boats  laden  with  merchandise  belonging  to  more  than  one  class  the  dues  are  charged  on  the 
cargo  of  each  class.  Boats  of  less  than  10  tons  pay  for  a  cargo  of  this  capacity. 


Canal  from  Louvain  to  the  Dyle. 


The  navigation  daes  are  fixed  by  the  Royal  decree  of  October  17'^  1868  at  8  centimes  per  ton 
per  reach,  or  40  centimes  for  the  whole  length  of  the  canal  including  a  return  Journey  for  ships  and 
boats  arriving  and  departing  with  cargo. 

A  reduction  of  one  third  is  allowed  on  empty  boats  and  on  boats  doing  a  regular  service  (bateaux 
mtssagtrg).  A  reduction  of  one  half  is  allowed  on  boats  arriving  and  departing  empty. 


The  particulars  given  above  show  the  diversity  of  the  principles  on 
which  the  dues  on  the  Communal  Canals  have  been  fixed.  The  dissimi- 
larity would  have  appeared  much  more  complete,  if,  after  the  tariffs 
establishing  the  tolls,  had  been  inserted  the  long  list  of  exceptions,  rebate- 
ment  of  charges,  exemptions  and  reductions. 

Many  of  the  Communal  Canals  are  completely  free.  Others  only  partially 
80,  the  liberty  applying  to  empty  boats,  manure-laden  boats,  boats  of 
which  the  tonnage  is  below  a  certain  limit,  boats  employed  in  dredging 
transports  for  public  works,  for  the  administration  of  the  State,  to  sailing 
boats,  and  even  regulated  by  of  the  number  of  masts  carried.  (1) 

The  unit  basis  of  the  application  of  tariffs  is  essentially  variable 
according  to  the  navigable  way  and  the  conditions  of  navigation. 

At  Eedoo  and  at  Ghent  it  is  not  the  ton  of  cargo,  but  the  ton  of  capa- 
city which  is  taxed.  The  dues  are  invariable  on  certain  limits  of  the  way 
traversed,  as  the  collection  only  takes  place  at  the  passing  of  certain  con- 
structive works.  This  collection  is  again  complicated  by  the  fact  that  it  is 
not  proportional  to  the  tonnage  of  the  boat,  but  varies  according  to  a 
tarrif  d  paliers  (landing  stages)  to  employ  a  term  used  on  railways  and 
applicable  in  this  case. 

Another  cx)mplication,  but  a  much  larger  one,  exists  on  the  canal  from 
Brussels  to  the  Rupel.  On  this  way,  as  is  the  case  also  on  the  canal  from 
Louvain  to  the  Dyle,  the  unit  is  the  ton  of  capacity  and  not  the  ton 
weight,  and  the  unit  of  distance  is  the  reach,  the  length  of  which  varies 
considerably.  But  this  is  not  all  the  difficulty  in  the  application,  the 
greatest  resulting  from  the  fact  that  the  tariff  is  differential  according  to 
the  nature  and  class  of  the  merchandise. 

It  is  easy  to  imagine  to  what  confusion  such  a  system  must  lead  when 
it  is  a  question  of  mixed  cargoes  belonging  to  several  different  classes. 
What  is  then  for  each  of  these  the  quota  in  tons  to  be  taxed?  What 
should  be  the  volume  which  any  part  of  the  cargo  should  attain  before 
it  is  subject  to  the  tariff  of  its  class  ?  What  reduction  should  be  made 
for  empty  boats?  How  arrange  the  tolls  when  partial  dischargements  are 
made  in  the  course  of  the  route? 

The  arrangement  of  the  tariff  on  navigable  ways  administered  by  con- 
cessionary companies  reminds  us  in  many  respects  of  the  one  in  force  on 


(1)  Art.  2  of  Roval  decree  of  May  the  31st  1849  (town  of  Ghent). 
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the  Willebroeck  Canal.  We  will  refer  to  this  point,  which  requires  some 

« 

development,  at  the  end  of  this  chapter. 

We  have  dwelt  rather  long  on  the  subject  of  the  principles  and  rules 
applied  for  the  collecton  of  navigation  dues  on  communal  Canals ;  we  have 
*  pointed  out  their  discordance  and  their  complications  with  the  object  of 
bringing  more  into  relief  the  simplicity  and  the  facility  of  application 
of  the  taxes  applied  by  the  government  in  1886  on  the  whole  of  the 
State  system.  These  uniform  taxes  reduced  to  an  average  of  three 
millimes  per  ton  per  kilometre  have  only  been  brought  to  this  rate  and 
to  this  uniformity  after  many  years  of  discussion,  repeated  trials  and 
innumerable  experiments. 

Tarrffstuooet-  There  was  a  time,  and  it  isnot  very  remote,  when  the  tariffs  of  the  system 
OT  the  iytJeiii  of  ^^  *^®  ^^^  ^®^®  ^^^^^  ™^^®  confused,  more  complicated  and  more  incohe- 
navigabie  ways  rent  than  those  in  use  on  the  Communal  ways. 

of  the  Belgian  ,  „    -,      r* 

State.  If  we   look  back  only   thirty  years,  and  study  the  tariffs  of  the  State 

at  this  period,  we  find  between  the  rates  of  neighbouring  lines  and  even 
between  sections  of  one  and  the  same  line  such  dissimilarity,  want  of  con- 
sequence and  connection,  such  striking  diversity  and  confusion,  that  order 
has  really  disappeared. 

We  think  it  might  be  useful  to  show  to  what  an  extent  these  tariffs 
were  entangled,  and  to  take  a  rapid  retrospective  view  of  the  different 
phases  which  the  Belgian  tarification  has  passed  through.  We  will  point 
out  how  by  successive  steps  of  progress,  how  in  eliminating,  simplifying 
and  resolutely  pruning  in  the  bewildering  heap  of  exceptions  and  parti- 
cular cases,  which  seemed  created  merely  for  amusement,  the  rules  at 
present  in  use  have  been  arrived  at. 

In  order  to  render  the  reading  of  this  report  less  difficult  we  have 
drawn  out  and  grouped  in  the  form  of  a  table  (1)  the  important  dates 
and  the  most  usefuU  elements  in  the  history  of  tolls  on  the  principal 
navigable  ways  of  Belgium. 

We  can  thus  be  more  concise  and  need  only  dwell  in  the  course  of 
our  report  on  prominent  points  which  it  is  necessary  to  bear  in  mind,  in 
order  to  have  a  fair  view  of  the  chain  of  facts  and  to  comprehend  the 
motives  which  have  brought  about  the  successive  transformations  and 
reductions  in  the  tariffs.  We  shall  thus  follow  step  by  step  the  way  that 
has  been  traversed  and  we  shall  see  how,  by  degrees,  light  has  been  im- 
perceptibly shed  on  the  question. 

It  was  at  the  beginning  of  the  present  century  that  the  Belgian  system 
of  canals  underwent  its  greatest  extension.  With  the  development  of  the 
coal  trade  it  was  necessary  to  find  an  easy  and  economical  means  of 
bringing   the  coals  of  Mons   and  Charleroi   to  the  markets  of  Paris  and 


(i)  Annex  No.  1. 


the   North   of  France,   as   well  as  to  the  markets  of  Brussels,  Ghent  and 
Antwerp. 

With  this  object,  and  almost  simultaneously,  the  excavation  of  the 
canal  from  Mons  to  Cond6  and  the  work  of  canalising  the  Sambre  were 
taken  in  hand.  These  waterways  were  to  serve  the  French  markets.  The 
following  direct  communications  were  also  effected:  by  the  canal  from 
Pommerseul  to  Antoing  the  basin  of  Mons  was  connected  with  the  markets 
of  Flanders  and  the  province  of  Antwerp;  and  by  the  canal  from 
Charleroi  to  Brussels  the  basins  of  Charleroi  and  the  Centre  were 
joined  with  the  principal  markets  of  Brabant  and  the  north  of  the  country. 

A  little  later  the  works  of  the  „Canal  de  PBspierres"  were  commenced, 
which  placed  the  chalk  basin  of  Tournai  in  communication  with  Roubaix, 
Tourcoing  and  Lille,  the  most  populous  and  busiest  centres  of  the  North 
of  France.  The  Campine  canals  were  only  commenced  in  1850,  their  purpose 
being  to  serve  at  the  same  time  agricultural  and  industrial  interests. 

Originially  the  tolls  levied  on  the  coal  canals  were  very  high;  reduced 
to  the  ton-kilomfetre  tariff  they  were  as  follows:  5*/io  centimes  on  the 
canal  from  Pommerdeul  to  Antoing,  4^/10  centimes  on  the  canal  from 
Charleroi  to  Brussels,  5  centimes  on  the  Sambre,  and  11  centimes  on  the 
„canal  de  I'Espierres". 

A  general  principle  governed  this  tarification.  An  endeavour  was  made 
to  discover  a  rate  of  tolls  which  would  according  to  a  presumed,  hypothe- 
tical tonnage  serve  to  redeem  the  capital  employed,  pay  interest  and 
cover  the  expenses  of  maintainance  and  working. 

A  certain  balance,  to  adhere  to  the  expression  of  the  period,  existed 
between  the  rates  in  use  on  the  coal  canals,  because  they  had  been 
regulated  by  one  and  the  same  administration. 

Soon,  however,  this  balance  was  broken,  and  this  was  not  by  virtue  of 
a  system  of  commercial  calculation,  nor  was  it  caused  by  the  influence  of 
competition,  but  it  was  the  consequence  of  considerations  completely 
foreign  to  any  idea  of  this  nature. 

The  decree  of  December  17*^  1819  had  relieved  the  State  of  the 
administration  of  navigable  ways  and  placed  it  in  charge  of  the  Pro- 
vinces. 

From  this  moment,  which  it  is  important  to  note  and  which  consti- 
tutes a  conspicuous  date  in  the  history  of  tolls  in  Belgium,  every  canal 
and  every  river  was  in  some  way  subjected  to  a  particular  tariff.  There 
was  no  longer  any  general  idea,  no  collective  view  in  the  tarification.  It 
was  entirely  delivered  over  to  chance  and  the  unforeseen,  to  provincial 
and  local  interests.  At  the  end  of  merely  a  few  years  the  most  complete 
confusion  reigned  in  matters  of  tariffs,  it  was  a  veritable  chaos,  an 
inextricable  labyrinth.  —  The  tariff  annexed  to  this  report  speaks  vol- 
umes on  this  subject. 

It   was  impossible  for  shippers   of  goods,   as   well    as    for    boatmen, 


1 


8 

to  understand  the  figures  and  arrangements  of  tolls  and  to  make  a  calcu- 
lation of  rates,   even   approximately,   for  journeys  comparatively  limited. 

Not  to  speak  of  exceptions  and  reductions,  which  very  much  complica- 
ted the  problem,  all  calculation  was  hindered  by  the  diversity  of  the 
bases  and  units  employed. 

On  one  and  the  same  waterway,  for  example,  on  the  Scheldt  all  was 
changed  when  a  boat  passed  from  one  province  to  another,  the  units  of 
measure,  the  monetary  units,  the  units  of  distance  and  the  number 
of  units. 

Very  often  money  was  counted  differently  on  the  different  services 
working  these  rivers.  The  ton  of  the  Meuse  was  calculated  in  cubic  ells, 
and  the  ton  of  the  Scheldt  in  cubic  metres,  the  gauge  serving  as  basis 
for  the  license  (patente)  and  the  gauge  according  to  which  navigation 
dues  were  collected  were  constituted  in  different  tons;  the  Belgian  ton 
on  maritime  ways  and  the  cubic  ton  were  likewise  different. 

With  regard  to  distances,  the  toll  was  generaly  fixed  by  league  of  five 
kilometres  traversed ;  but  there  was  a  payment  also  by  reach  with  -sup- 
plementary dues  in  certain  provinces  at  the  passing  of  particular  con- 
structive works. 

On  the  canal  from  Charleroi  to  Brussels  the  dues  were  the  same  for 
vessels  coming  from  the  Sambre  and  traversing  all  the  Canal  as  for 
those  coming  from  the  branches  of  the  Centre,  although  the  distances 
were  in  the  relfltive  proportion   of  15  to  3.  • 

There  were  anomalies  still  more  inexplicable;  thus,  for  instance,  if  a 
boat  went  out  of  its  way,  and  consequently  made  a  longer  journey,  in 
order  to  avoid  a  Canal  oppressed  with  exhorbitant  taxes,  the  Canal  from 
Pommeroenl  to  Antoing,  or  the  Canal  de  PEspierres  for  example,  it  was 
obliged  to  pay  a  special  tax  for  the  profit  of  the  way  which  it  had  not 
followed,  and  therefore,  for  the  traverse  of  a  distance  which  it  had  not 
covered.  Ijong  distances  were  surtaxed  for  the  benefit  of  shorter  ones 
and  the  traffic,  an  evident  injustice,  paid  for  a  service  which  had  not 
been  rendered. 

Finally,  to  give  an  idea  of  the  incoherence  which  ruled  in  the  collec- 
tion of  tariffs,  it  must  be  added,  that  on  many  waterways  the  tolls  were 
differential  according  to  the  nature  of  the  merchandise  and  the  tonnage 
of  the  boats.  A  difference  was  made  again  accordingly  as  the  boat  was 
laden,  half-laden  or  empty  and  as  it  was  ascending  or  descending. 

It  was  the  more  difficult  at  this  period  to  think  of  est-ablishing  uniform- 
ity of  dues  as  the  different  provinces  endeavoured  in  the  first  place  to 
take  local  interests  into  account  and  had  to  consider  the  object  with 
which  the  canal  was  constructed  and  customs  which  had  existed  perhaps 
from  times  immemorial. 

The  canals  of  Flanders,  for  example,  having  been  constructed  at  a 
remote   period   by   the    communes   at   their   own  expense  to  serve  at  the 
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same  time  for  land-drainage  and  for  navigation,  it  would  have  seemed 
contrary  to  equity  to  abolish  the  dues,  although  they  were  small,  and  a 
most  lively  opposition  would  have  been  raised  if  with  the  sole  object  of 
uniformity  any  attempt  had  been  made  to  touch  dues  consecrated  by  the 
use  of  centuries. 

The  country   was  soon   burdened  by  the  numerous  inconveniences  pre- 
sented  by   the   system  of  rivers  and  canals  abandoned  to  the  rule  of  the  • 
provinces  and  thus  deprived  of  the  strength  and  power  which  concentra- 
tion and  unity  of  rule  and  management  afford. 

From  1840  the  Government  was  constrained,  so  to  speak,  to  take  back 
under  its  own  charge  sucessively  one  after  the  other  all  the  waterways 
which  had  been  handed  over  to  the  provincial  administrations.  And  now 
commenced  the  era  of  relief  and  reduction. 

In  1840—1847—1849—1852  the  dues  on  the  Sambre  were  lowered  step 
by  step. 

It  was  the  same  in  1842—1846—1852  on  the  canal  from  Maestricht  to 
Bois-le-Duc ;  in  1849  on  the  canal  from  Charleroi  to  Brussels ;  In  1851 
on  the  canal  from  Pommeroeul  to  Antoing  and  on  the  canal  from  Mons 
to  Cond6. 

One  circuixistance,  an  unparalleled  stimulant,  forcibly  led  up  to  these 
reductions,  the  competition  of  railways,  which,  born  yesterday,  already 
covered  the  country  and  affected  transports  with  profit  at  a  rate  so  cheap, 
as  to  be  surprising  for  that  period  and  due  to  a  collective  organisation 
strongly  and  wisely  combined  and  at  tariffs  logically  and  rationally 
based   on   the   service   rendered. 

The  navigable  ways  had  from  this  time  forward  a  redoutable  compe- 
titor, a  model  which  it  was  necessary  to  follow,  or  to  suffer  decay. 

The  enormous  influence  which  the  example  of  the  railways  exercised 
on  the  tarification  of  navigable  ways  in  Belgium  cannot  be  denied. 

It  required  this  example  as  an  incentive  to  well-doing,  to  advancement  in 
the  way  of  progress,  for  the  release  of  our  tariffs  from  the  faults  and 
complications  in  which  inertia  and  routine  had  held  them  bound. 

In  the  beginning  at  the  retaking  of  the  canals  and  rivers  by  the  State, 
this  body  confined  itself  to  reducing  the  tolls,  but  there  was  no  question 
of  unifying  or  simplifying  them. 

Ideas  on  this  subject  were  most  confused.  The  Government  believed 
that  it  was  its  duty  to  maintain  the  equilibrium,  the  balance  between 
the  different  industries  of  the  country.  It  was  admitted  in  principle  that 
the  State  could  at  will  divide  and  limit  wealth  and  notably  the  trans- 
ports of  the  different  coal  basins ;  and  so  strong  was  the  conviction  of  the 
equity  and  justice  of  this  r61e  that  one  of  the  most  powerful  men  in  the 
country  (1)  declared  in  1847  from  the  parliamentary  tribune  that  „it  was 


^1)  See  parliamentary  Annals.  December  the  22  1847  p.  4269. 
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an  essential  condition  and  first  necessity  to  have  inserted  in  the  act  of 
concession  of  the  Charleroi  Canal  that  the  basins  of  Charleroi  and  of 
Brussels  should  not  enjoy  the  position  which  their  typographical  situation 
was  about  to  afford  them,  and  that  the  coals  of  the  Centre,  although 
traversing  only  the  half  of  the  canal  should  pay  the  total  of  the  dues, 
the  same  as  paid  by  the  coals  of  Charleroi,  which  traversed  the  entire 
length." 

Why  so,  said  he? 

„In  order  not  to  annihilate  the  coals  of  Charleroi,  which  would  no 
longer  be  able  to  sustain  competition  with  those  of  the  Centre  in  markets 
of  which  they  were  already  in  possession.  It  is  in  the  same  act  which 
created  the  canal  that  is  found  this  equitable  and  truly  paternal  sentiment 
so  preservative  of  acquired  positions.^^ 

Such  were  the  ideas  which  prevailed  in  1847.  But  they  made  rapid 
progress ;  the  railways  were  there,  competition  kept  the  game  alive,  true 
economical  principles  came  to  light  and  the  Belgian  Grovemment  began 
to  be  imbued  with  this  doctrine,  which  has  since  been  so  well  consecrated 
by  facts,  that  commercial  liberty  is  the  most  fruitful  source  of  wealth, 
and  that  the  removal  of  obstacles  gives  to  means  of  transport,  and  conse- 
quently to  the  production  of  industry,  their  greatest  sum  of  usefulness. 

Canals  are  not  made,  it  was  said  in  1859,  (1)  to  create  revenues  for 
those  who  make  them ;  but  to  multiply  relations,  productions,  exchange, 
to  develope  commerce  and  render  industry  more  active. 

When  the  expenses  of  establishment,  the  interest  on  the  capital  fur- 
nished and  the  expenses  of  maintainance  have  been  regained  on  a  public 
service,  is  it  right  to  require  complementary  receipts? 

As  soon  as  these  are  no  longer  merely  remuneration  for  a  service  long 
since  paid  for,  they  become  a  tax.  They  become  a  tax  on  commerce  and 
industry,  a  tax  on  the  real  tools  of  production,  a  tax  from  that  moment 
arbitrary,  unjust  and  anti-economical.  Under  the  influence  of  such  ideas 
progress  was  necessarily  incessant.  The  deputies  of  industrial  centres  too 
allowed  to  the  Government  no  rest  on  the  subject,  but  required  at  any 
price  reform  of  the  toll-tariffs  on  canals  and  rivers. 

The  question  was  repeatedly  the  object  of  important  discussion  in  the 
Chambre  and  from  1863  to  1858  the  discussions  were  renewed  each  year 
at  the  discussion  of  the  budget  of  Ways  and  Means. 

Repeated  petitions  furnished  with  numerous  signatures  were  constantly 
presented  to  bear  witness  to  the  extreme  eagerness  of  the  interested 
parties  to  obtain  a  solution. 

In  1856  the  draught  of  a  Bill  was  submitted  and  for  the  first  time  a 
central  section  expressed  a  wish  to  see  navigation  dues  simultaneously 
unified  and  lowered  on  the  entire  system  of  the  country. 


(1)  See   parliamentary    Annals.    Chambre  des  Repre'sentants,  p.  i3,  10  Noverabre  1859. 
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With  this  object  the  Government  instituted  two  years  later  a  com- 
mission whose  study  and  work  were  most  remarkable  and  which  caused 
a  great  step  to  be  taken  in  the  question  of  tariffs. 

The  commission  of  1858  thoroughly  studied  the  subject ;  it  produced  a 
completely  collective  work  on  navigable  ways,  at  the  present  day  still 
most  valuable,  embracing  at  once  an  examination  of  the  hydraulic  system 
from  technical,  historical  and  financial  points  of  view.  (1) 

Such  a  work  could  not  fail  to  bring  into  full  light  the  want  of  similarity 
of  dimensions  and  form  adopted  for  the  canals,  the  incoherence  of  their 
tariffs  and  the  shocking  manner  in  which  they  were  established  from  the 
point  of  view  of  distributive  justice,  of  equality  before  the  law,  and  of 
the  interest  of  our  industries. 

It  was  then  seen,  and  it  was  a  revelation,  that  certain  canals  had  reim- 
bursed several  times  over  and  long  since  their  cost  of  construction  and  all 
expenses  relating  to  them.  The  Charleroi  Canal  had  furnished  in  certain  years 
more  than  one  million  net  profit  to  the  State,  all  expenses  and  interest 
deducted.  It  gave  again  8V4  ^/o  interest  in  1858;  at  the  same  date  the 
canal  from  Mons  to  Cond6  gave  7  ^/q.  And  these  important  ways,  of  which 
the  expense  had  been  so  liberally  reimbursed  to  the  Treasury,  were  the 
most   taxed  and  the  most  heavily  oppressed  by  tariffs. 

The  enquiry,  while  pointing  out  the  faults  of  the  existing  situation,  brought 
forth  a  series  of  measures  for  remedying  them.  It  proposed  to  reduce  by 
40  ^Iq  the  dues  on  the  Charleroi  canal  and  by  50  ®/o  the  dues  on  the 
Campine  canals. 

The  so-called  „equilibrium"  tariffs,  that  is  to  say  the  tariffs  which  were 
constant,  whatever  might  be  the  distance  traversed,  were  actively  attacked, 
as  were  also  the  differential  tariffs  and  the  double  gauge  for  licence  and 
for  navigation  dues. 

A  distinguished  engineer,  a  member  of  the  Commission,  taking  bis 
inspiration  from  the  mode  of  tarification  adopted  for  railway  traffic,  main- 
tained with  talent  and  energy,  without,  however,  rallying  his  coUeages  to 
his  idea,  that  the  toll-tariff  should  decrease  in  proportion  to  the  distance 
to  be  traversed  and  include  a  fixed  due  payable  at  the  point  of  embar- 
cation.  In  addition  he  examined  the  question  of  the  realization  of  an 
ideal  very  difficult  to  attain  for  transports  on  waterways,  that  is  the 
reduction  of  freights  in  proportion  to  the  distance  traversed. 

With  this  view  he  subdivided  the  hydraulic  system  in  categories  of  ways, 
according  to  the  facilities  which  they  respectively  offer  to  navigation  and 


(1)  The  lengths  and  forms  of  the  ways,  dimensions  of  plant  and  especially  of  locks, 
anchorages,  datp^  of  construction  of  retaking  or  repurchasing  and  of  working,  the  mode 
of  collecting  tolls  in  1858,  and  previous  tariffs,  expenses  of  construction,  expenses  of 
maintainance  and  of  staff,  ordinary  receipts  and  accessory  produce  and  finally  statistics  of 
trafQc,  were  objects  of  carefully  compiled  reports  and  of  attentive  discussion. 
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he  calculated  the  rate  of  tolls  in  inyeree  ratio  to  the  difficulties  of  towage 

or  of  traction.  This  theoretical  conception  remained  without  result. 
The  conclusions  of  the  Commission  of  1858  were  sanctioned  by  the  law 

of  February  19^^  1860. 
By  the  terms  of  this  law  the  Government  was  authorised : 
1^.   To   substitute  for   the   different  modes   of  collection   one    uniform 

system   according   to   which   the    dues   should  be  collected  per  league  in 

the  following  manner: 

A.  Per  ton  of  cargo 3/5 

B.  1       »     «   capacity 1/5 

G.     ft       «     n  n       (retaming  empty)  1/5 

2*>.  To  apply  on  every  river  a  due  per  league  of  distance  traversed 
equal  to  the  average  of  the  different  dues  which  were  at  that  time  in 
force. 

3°.  To  establish  on  every  navigable  way  one  sole  rate,  without  distinc- 
tion of  class,  taking  for  bsisis  the  rate  applied  to  pit-coal. 

4p.  To  reduce  by  40  ®/o  the  rates  levied  on  the  canal  from  Charleroi 
to  Brussels  and  by  50®/o  those  on  the  canals  from  Li6ge  to  Antwerp. 

The  law  of  1860  did  not  solve  the  question  of  tolls;  it  was  left  open. 
An  important  step  had  been  taken  in  the  sense  of  greater  uniformity,  and 
a  more  just  assessment;  but  it  was  desired  to  go  further;  the  reform  was 
incomplete  and  the  progress  realized  insufficient. 

There  remained  in  fact  two  bases  of  application  for  the  collection  of 
tolls :  the  ton  of  capacity  of  the  boat  and  the  ton  burden ;  hence  arose 
difficulties  in  calculations  and  in  documents,  long  delays  at  the  collecting 
offices,  great  confusion  in  the  application  of  the  rates,  and  anomalies  such 
as,  that  a  boat  fully  loaded  was  taxed,  for  example  at  a  rate  of  5  centimes 
per  league  per  ton  of  cargo,  while  the  tax  amounted  to  7  centimes  when 
the  boat  was  only   half  loaded. 

On  the  other  hand,  as  we  have  already  observed,  the  2^*^  article  of  the 
law  of  1860  had  only  made  uniform  by  averages  the  dues  relating  to  one 
and  the  same  way.  At  this  time  there  remained  37  different  tariffs  in 
use  on  the  systems  of  the  Belgian  State.  The  rate  of  tolls  varied  on  the 
canals  in  the  proportion  of  1  to  15  (1). 

The  tolls  on  certain  canalised  rivers  were  eight  or  nine  times  higher 
than  on  certain  canals. 

On  comparing  the  tolls  on  rivers  only  we  find  that  they  varied  in  the 
proportion  of  1  to  4. 

Immediately  after  the  vote  of  the  law  of  1860,  its  result  was  questioned, 
and  its  revision  was  voted  by  an  order  of  the  day.  With  this  object  a 
commission   was   instituted   by   the   decree   of  June  29*^^  1864.  It  showed 


(i)  See  Ghambre  des  Hepr^sentants,  seance  du  14.  Avri]  1863,  n*.  132. 
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diligence  and  a  few  weeks  after  its  institution  it  submitted  for  the  appro- 
bation of  the  Government,   as   the   result  of  its  labours,   a  collection  of 
wishes,  some  of  which  indicate  ideas  very  advanced  for  the  period  and   a 
profound  acquaintance  with  the  necessities  of  interior  navigation. 
The  following  were  the  wishes  exrpessed: 

1.  That  the  Belgian  Government  determine  by  an  international  convention  dimensions  for  a 
uniform  type  of  constructive  works  on  canals  of  Interior  navigation,  that  these  dimensions  be  for  locks  in 
every  case  equal  to  those  adopted  on  the  way  from  Lldge  to  Antwerp,  viz.,  60  metres  in  length,  7 
metres  in  width  and  with  a  draft  of  water  of  1  m.  20. 

2.  That  the  Government  establish  towing-paths  at  the  sides  of  the  rivers,  in  the  same  way  as  on 
the  aides  of  the  canals  in  such  condition  as  to  admit  of  the  emplojrment  of  horses  for  the  towage 
of  boats. 

3.  That  trtmatagi  be  allowed  to  boats  drawn  by  horses. 

4.  That  the  Government  consider  the  question  of  the  application  of  steam  to  towage. 

5.  That  there  be  published  a  general  toll  tariff  for  transport  by  water  from  the  principal 
points  of  departure  to  the  principal  points  of  arrival,  according  t<o  the  system  in  use  on  railways,  in 
endeavouring,  if  possible,  to  realize  differential  and  reducible  tariffs  in  proportion  to  the  distances 
traversed. 

6.  That  the  tolls  may  be  paid  in  one  sum  for  the  entire  distance  as  on  railways. 

7.  That  exact  and  reasonable  statistics  be  established  to  record  the  movements  of  transports 
effected  on  waterways. 

8.  That  the  €U)vemment  reduce  the  tolls  on  conceded  canals  to  a  uniform  rate,  as  on  the  State  Ways. 

9.  Finally,  and  this  wish  is  most  important  with  regard  to  tolls:  that  the  Government  modify  the 
mode  of  collection  prescribed  by  the  law  of  1860,  and  substitute  one  sole  tax  based  solely  on  the 
cargo,  to  replace  the  fractional  rate  In  proportion  to  the  cargo,  to  the  capacity  of  the  boat  and  to 
boats  returning  empty". 

The  Government  admitted  this  last  wish  and  requested  from  the  Legis- 
lature the  necessary  powers  for  simplifying  and  reducing  the  tariffs  in 
force. 

The  law  of  July  1**  1865  conferred  these  powers.  By  its  2°*  article 
it  abolished  the  tripartite  division  of  the  basis  prescribed  by  the  law  of 
1860,  retaining  as  basis  the  real  cargo 

The  kilometre  was  substituted  for  the  league  and  a  maximum  was 
assigned  to  the  kilometric  tax. 

The  law  said,  in  fact: 

The  Government  is  authorised  to  regulate  the  tolls  on  navigable  ways  administered  by  the  State  in 
such  manner  that  the  maximum  of  these  tolls  reduced  to  kilometric  tons  does  not  exceed  the  following 
units  of  transport: 

One  centime  for  canals  ; 

Three-quarters  of  a  centime  for  canalised  rivers ; 

Two-tenths  of  a  centime  for  rivers. 

The  Ctovemment  Is  authorised  to  take  the  necessary  measures  for  modifying  the  present  system  of 
collecting  navigation  dues  by  the  substitution  of  one  tax  based  solely  on  the  cargo.  In  place  of  the 
fractional  rate  In  proportion  to  the  cargo,  to  the  capacity  of  the  boat  and  to  boats  returning  empty. 

This  law  of  1865  has  been  the  point  of  departure  of  all  the  progress 
since  accomplished  in  matters  of  tolls.  Numerous  reductions  and  simpli- 
fications of  rates  have  been  realized  in  proportion  as  reductions  were 
accorded  on  the  railways.  It  was  necessary  to  follow  this  terrible  adversary 
on  the  field  of  competition,  to  counterbalance  his  influence  and  to  endea- 
vour  by   the   low   price  of  transport   and  the  reduction  of  tolls  to  retain 
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for  the  navigable  ways  the  advantages  they  possessed  for  long  distances 
and  heavy  transports. 

Thanks  to  successive  reductions  it  has  been  possible  to  maintain  and 
even  to  develope  the  movement  of  traffic  on  the  navigable  ways. 

According  to  the  calculations  of  the  Government  Commission  of  which 
we  have  spoken,  this  movement  amounted  in  1858  to  a  total  386,062,755 
kilometric  tons  on  ways  administered  by  the  State  and  subject  to  toll.  In 
1880  on  the  same  ways  the  traffic  was  862,116,000  kilometric  tons,  in 
1888  it  reached  the  figure  367,551,508,  and  409,098,611  in  1892. 
The  total  movement  of  transports  on  the  navigable  ways  of  Belgium, 
including  the  provincial,  communal  and  conceded  ways,  and  ways 
exempted  from  tolls  was  in  1888,  587,118,251  kilometric  tons;  in 
1892  it  amounted  to  623,434,111  kilometric  tons  and  in  1893  to  660 
millions. 

The  decree  of  June  1st  1886,  the  essential  points  of  which  were 
applied  to  the  Sambre  on  April  25*^  1887,  is  the  last  and  most  impor- 
tant of  the  acts  of  the  Government  in  application  of  the  law  of  1865  to 
unify  as  completely  as  possible  the  tarifT  in  use  in  Belgium  on  the 
hydraulic  system. 

It  was  in  virtue  of  this  decree  that  the  dues  levied  were  reduced  by 
ton  and  by  kilometre  to  5  millimes  on  canals,  and  to  l<^/,o  millimes  on 
rivers. 

The  average  rate  is  8  millimes,  and  its  application  to  the  State  system 
produces  annually  about  1,200,000  francs  (1). 

The  expenses  of  maintainance  on  navigable  ways  administered  by  the 
State,  deducting  tidal  rivers,  on  which  no  tolls  are  levied,  is  in  round 
figures  1,500,000  francs  (2). 

If  from  this  sum  be  deducted  the  cost  of  dredging,  of  consolidation  of 
the  slopes  necessitated  by  the  efflux  of  water,  for  as  we  have  said,  most 
of  the  Belgian  canals  are  evacuation  canals,  we  find  that  the  receipts 
cover  almost  exactly  the  expenses  caused  by  navigation. 

The  receipts  thus  pay  the  service  rendered. 

We  have  shown,  also,  in  our  report  before  the  Manchester  Congress 
that  the  salaries  of  the  administrative  stafi  attached  exclusively  to  the 
service  of  navigation  find  their  counterpart  in  the  indirect  receipts  accru- 
ing to  the  administration,  and  notably  from  the  letting  of  land,  fishing, 
plantations,  pasturage,  ferries  and  water-crossings  etc.  (8). 

Of  the  foregoing,  a  point  not  to  be  lost  sight  of  is,  that  in  Belgium  the 


(4)  1.200,609  in  1889,  1,462,509  in  1890  and  1.195,092  in  1891. 

(2)  1,502,477  in  1890  not  including  expenses  relating  to  tidal  rivers. 

(3)  In  1890  the  toUl  of  these  receipts  amounted  to  308,929  francs  and  in  1891  to 
248,377;  the  effective  stall  attached  exclusively  to  the  navigation  service  cost  415,000 
francs. 
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dues  levied  on  navigation  are  strictly  limited  to  the  taxes  neccessary  to 
cover  the  expenses  incurred  by  the  administration  for  the  benefit  of  the 
barge  traffic. 

Conceded  ways  have  not  had  the  benefit  of  the  reductions  efiected  by 
the  State  on  its  own  administration.  They  have,  however,  by  force  of 
circumstances  obtained  successive  partial  exemptions,  the  list  of  which  is 
not  of  great  interest. 

At  the  present  day  the  rates  levied  on  conceded  ways   are    as  follows: 

Canal  from  Blaton  to  Ath: 

The  rates  are  fixed    -per  kilometre  In  proportion  to  the  distance  actually  traversed,  but    with  a 
minimum  of  2  kilometres,  in  the  following  manner : 

per  ton  of  cargo fr.  0,034 

«      «      f   capacity  of  the  boat        .       .       .       .  «  0,008 

«      n      n         n         (retumlug  empty)    .       .       .  n  0,006 

Canalised  Dendre. 

On  this  river  the  dues  are  levied  in  the  same  manner  but  the  rate  is  lower.  It  is : 

per  ton  of  cargo fr.  0,006 

«      •      -    capacity «   0,002 

1      m     (returning  empty)    .       .       .       .        n   0,002 
These   tariffs  are,  however,  differential   and  variable  according  to  the  distance  traversed,    as    we 
shall  see  later  on. 

L'Espierres  Canal. 

The  rate  varies  with  the  distance  traversed,  the  nature  of  the  merchandise 
transported  and  the  importance  of  the  cargo.  The  tarifi*  of  the  company 
is  fixed  as  follows : 

a.  For  the  entire  length  of  the  canal  (8.406  km.). 

/    fr.  0.16  per  ton  of  cargo  on  manure,  cinders  and  lime  for  agricultural  use. 
loaded    I     fi   OwM  per  ton  of  cargo  on  sand,  paving  stones,  broken  stones  (d^chets)  and  ballast, 
f     •   0J90  per  ton  of  cargo  on  all  other  merchandises. 

I    fr.  0.10  per    ton    capacity    of    the    boat   up   to   a  depth   of  1.80  m.   with  a  maximum 
empty    j  ^^  ^  francs. 

b.  For  a  partial  distance  per  kilometre: 

fr.  0.08  per  ton  of  cargo  on  dung,  cinders  and  manure  for  agricultural  use. 

«  0.04  per  ton    cargo  on  sand,  paving  stones,   broken  stones  {dechtts  d*  pitrrtM)   and 
loaded    I  ^,j^^ 

•  0.07  per  ton  of  cargo  on  all  other  merchandise. 

fr  0.02  per  ton  of  capacity   of  the  boat  up  to   a  depth   of  1.80  m.  with  a   maximum 
of  22  francs. 

Remarks.  —  Concessionnary  companies  are  allowed  to  reduce  their 
tariSs  in  a  general  manner  and  without  exception  on  the  authority  of  a 
decision  of  the  Minister  of  Public  Works. 

III.  INFLUENCE  OF  THE  DISTANCE  TRAVERSED. 


The   developments  which  we  have  given  to  the  first  part  of  this   work 
will  save  us  from  entering  here  into  very  long  details. 
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We  have  seen  by  our  historical  sketch,  how,  by  successive  stages,  after 
having  had  applied  the  so-called  „equilibrium"  tariffs,  by  which  the  tolls 
remained  the  same  on  one  and  the  same  way  whatever  might  be  the 
distance  traversed,  and  how,  after  the  tariffs  by  reach,  the  present  tariflfe  were 
arrived  at,  by  which  the  dues  are  levied  on  all  the  State  system  in  propor- 
tion to  the  distances  traversed.  It  is  now  only  the  communal  canals  which 
deviate  from  this  rule.  On  the  communal  canals  of  Ghent  and  Eecloo 
dues  are  collected  for  the  right  of  passage  without  reference  to  the  distance 
traversed.  On  the  canals  of  Brussels  and  of  Lou  vain  the  tolls  are  established 
by  reach  and  are  even  not  then  in  mathematical  proportion  to  the 
distance  traversed. 

On  the  ways  conceded  to  the  Canalised  Dendre  Company  the  tariffs  have 
been  very  cleverly  combined ;  their  base  is  differential,  they  decrease 
with  the  distance  traversed  and  they  are  studied  in  manner  to  attract 
towards  the  Dendre  transports  which  would  without  these  tariffs  naturally 
go  to  the  competing  ways,  the  Scheldt  and  the  Lys. 

The  Dendre  Company,  whose  concession  is  very  limited,  extending  to 
scarcely  85  kilometres  of  way  between  Blaton  and  Termonde,  has  suc- 
ceeded by  a  profound  study  of  the  conditions  of  transport  on  the  lines, 
which  border  its  own,  or  which  rival  it,  to  indirectly  extend  its 
concession  to  a  zone  of  a  large  radius.  With  this  object  in  view  the  com- 
pany has  made  itself  not  only  concessionary  of  tolls,  but  forwarding 
agent  and  contractor  of  transports.  The  tariffs  are  calculated,  so  as  to 
give  the  line  its  maximum  of  traffic ;  they  are  inspired  by  the  example 
of  the  railways.  They  foresee  all  the  cases  of  a  service  administered  by 
water,  winter,  summer,  ascent,  descent,  total  or  partial  traverse,  with 
and  without  traction,  loaded  and  empty;  they  form  a  very  complete 
collection  and  apply  to  all  the  operations  and  alls  the  constitutive  parts 
of  transport:  the  boat,  its  capacity  and  cargo.  These  multifarious 
combinations  and  these  complicated  tarifications  are  not  possible 
except  on  a  small  system  and  to  a  company  of  well  organised  admi- 
nistration. We  should   like   to  lay  special  stress  on  this  point. 

The  following  are  the  most  important  parts  of  the  tariffs  of  the  cana- 
lised Dendre  and  of  the  canal  from  Blaton  to  Ath,  which  it  is  the 
subject   of  the  present  chapter  to   make  particularly  prominent. 

Tariff  no.    f.  —  For  intermediate  dittanoet  between  Blatou  and  Termonde  In  both  directions: 

a.   on  the  canal  from  Blaton  to  Ath. 

Per  ton  of  cargo  fr  0.022  to  fr  0.024  per  kilm.  according  to  the  ]>oint  of  embarcation. 
m     m     It    capacity  £r  0.008  per  kilm.  n       n  «« 

«     T!     ••        K       returning  empty  fr  0.006  per  kilm.  «       n  m 

b*   On  the  canalised  Dendre. 

Per  ton  of  cargo  fr  0.006  per  kilometre. 
<i      r     «    capacity  fr  0.002  per  kilometre, 
nun         n       (returning  empty)  fr  0.002  per  kilometre. 
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TariflT  n^.  2.   —  For  tke  entire  dieUnoe  from  Termonde  to  Blaton  and  for  the  entire  dietanee 
fHin  Blaton  to  Termonde  for  boats  in  destination  to  all  points  below  Tenionde. 

C.   For  the  ascent  (winter  season). 

Per   ton  of  cargo tr.  OJ&H  for  the  entire  distance. 

«        n      »     capacity •  0.306    «       «  «              « 

«        «     "         *          (returning  empty) «  0.306    «       n  n              n 

Ascent  (summer  season). 

Per    ton   of    cargo fr.  0.863    «       «  «              « 

"  n        f<       capacity «    0.806      nun  « 

»        «      n  «  (returning  empty) «  0.806    «        ••       »  « 

CI.   Descent  (all  seasons). 

Per    ton  of  cargo fr.  0.728  »  «  ,  « 

•  •      t.     capacity «  0.306  •  *  •  » 

«       •      »          •  (returning  empty) «   0.306  «*  «  «  « 

Tariff  n*.  3.  —  For  the  entire  dlettnoe  between  Blaton  and  Termonde,  for  boats  in   destination 
to  localities  situated  on  the  Scheldt,  above  Termonde,  np  to  Wottoron  (Wetteren  not  included): 

Per    ton    of  cargo fr.  0.638  for  the  entire  distance. 

"       •       «    capacity •  0.306    «       «       «  m 

t>       It       «  «  (returning  empty) •   0.306    «       «•       «  « 

TariflT  n*.  4.  —  For  the  entire  dietanoe  from  Blaton  to  Termonde,  boats  loaded  for  the   localities 

of  Wetteren  up  to  Ohent.  (Ghent  not  included) ; 
2».  For  the   entire  dletanee  from  Blaton  to  Termonde,  of  all  boats  coming  from  France  and  from 
the  basin  of  Tournay. 

Per    ton   of  cargo tr.  OJSOS  for  entire  distance. 

•  «      H     capacity •  0.290     «       n  « 

•  n      n  •  (returning  empty) «  0.806     «       «  « 

TariflT  R^.  5.  —  For  the  entire  dietanoe   f^om  Blaton  to  Termonde  for  boats  loaded  for  Qhont  and 

further: 

Per  ton  of  cai^o ir.  0.458  for  the  entire  distance 

n        •       *     capacity n    0.170     «        n  n  n 

»      «     «  «        returning  empty      . *  0306    «      n  «  « 

TariflT  n*.  6.  —  For  the  entire  dietanoe  from  Termonde  to  Blaton  for  loaded  boats  coming  from 

Qhont  or  ftirther: 
2.   For  the  entire   dietanoe   trom  Termonde  to  Blaton  for  boats  coming  from  the  Lower  Scheldt  in 

deetiaatlon  to  plaoee  In  Franoe  situated  between  Douai  and  Roubaix  and  further: 

Winter  Season: 

Per  ton  of  cargo fr.  0.724  for  the  entire  distance 

•  «     «    capacity «   0.270    •      «  «  « 

•  »     «  n        returning  empty «  0.306    «     «  •  • 

Summer  Season: 

Per  ton  of  ca^o fr.  0.683  for  the  entire  distance 

•  1*     «    capacity «  0.270    n      «  «  « 

«     «     «  «        returning  empty «  0.306    «     «  «  « 

Qenoral  Obeervatlone.  —  Loaded  boats  to  which  the  tariffs  noi  2,  8,  4,  S  and  6  are  applied  are  drawn 
along  the  canal  by  horses  and  towed  on  the  Dendre  at  the  charge  of  the  company. 

The  same  rule  will  be  applied  to  loaded  boats  only  making  a  partial  Journey  on  the  canal  and 
naTigating  under  article  2  of  tariff  A  no.  l. 

It  is  understood  that  boatmen  on  board  of  boats  carrying  a  cargo  less  than  the  tonnage  of  capacity 
shall  pay: 

1.  traction  dues  for  the  cargo  as  It  is ; 

2.  «  nun  ton  of  capacity  forming  the  difference  between  this  cargo  and  the  total 
capacity. 

They  may  not  demand  to  be  towed  or  drawn  without  having  previously  paid  the  traction  dues 
on  the  tonnage  of  capacity  forming  this  difference. 

DUFOUBKT.  2 
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Speolal  traction  tarllTs. 

Tariff  no  |  Speolal.  —  For  all  Intarmediate  destinations  between  Blaton  and  Termonde : 
1.  On  the  canal  from  Blaton  to  Ath  both  ways  and  at  all  seasons: 
For  all  loaded  boats. 

Per  ton  of  cargo tt.  0.002  per   kilometre. 

«       i»    i>    capacity «  Oj002    «  n 

a.  On  the  canalised  Sambre  ascent  in  winter. 

Per  ton  of  cargo tr.  0.0073  per  kilometre. 

«       »    «    capacity.       ......        •  a0090    «  » 

For  loaded  boats  in  destination  of  Lessines. 

Per  ton  of  cargo fr.  0.005661    «  • 

fi       «    «    cai>acity •  0.003000    «  « 

3.  On  the  canalised  Dendre  Ascent  Summer  Season. 

Per  ton  of  cargo fr.  0.0060    «  « 

n       WW    capacity •  0.0030    «  « 

For  loaded  boats  in  destination  of  Lessines. 

Per  ton  of  cargo fr.  0.04S61      «  « 

n       «    «    capacity «  0.003000    m  «• 

i.  On  the  canalised  Dendre  descent.  All  season. 

Per  ton  of  cargo fr.  OMSl    »  » 

<•       «    n    capacity «  a0030    •  n 

6.  On  the  canalised  Dendre  for  ascent  in  all  seasons: 

For  all  boats  loaded  at  the  banks  of  Acren,  Lessines  and  C.  Honbain  of  wloh  the  boatmen  wish  to 
employ  means  of  traction  on  the  whole  length  of  the  canal  te  supplement  will  be  charged. 
l«t.    For  Acren.       Per  ton  of  cargo  and  per  kilometre  of  the  canal       fr.  0.00360 ; 
3nd.      «    Lessines.      •ii«««fi  «  «««  «   0.00196 

dnd.      «    0.  Hubaln.  nofin**  «  nnn  «    0.00176; 

Obtervatlon.  —  Loaded  boats   traversing  the  entire  distance  or  the  Dendre  as    well  as  those  in 
destination  to  Ath  or  any  point  whatever  of  the  canai  pay  traction  dnes  according  to  tariff  no.  2. 


IV.  INFLUENCE  OF  THE  TONNAGE  OF  THE  BOAT. 


Generally  speaking  in  Belgium  and  without  exception  on  the  State 
system  the  tonnage  of  the  capacity  of  the  boat  is  no  longer  taken  into 
account  in  the  fixing  of  navigation  dues. 

The  law  of  February  19*^  1860  applied  at  the  same  time  the  ton- 
nage and  the  cargo  as  bases  for  the  charging  of  dues.  We  have  shown 
to  what  complicated  calculations  and  anomalies  this  double  basis  led, 
and  how  already  in  1866  the  system  being  condemned  by  practice  had 
been  entirely  abandoned  on  the  State  system.  The  system  remains, 
however,  still  in  force  on  the  canals  of  Brussels  and  from  Louvain  to  the 
Rupel,  and  on  the  conceded  ways,  viz.  the  I'Espierres,  the  canal  from 
Blaton  to  Ath  and  the  canalised  Dendre.  The  application  of  a  complicated 
tariff  is  more  easily  conceived  on  conceded  ways  than  on  those  of  the 
State,  because  on  the  one  hand  the  traffic  is  more  restricted  and  limited 
to  short  distances,  and  on  the  other  hand  the  work  of  collection  is  per- 
formed by  a  special  staff. 

On  the  Dendre  and  on  the  canal  from  Blaton  to  Ath. not  only  the 
tonnage,  but  even  the  draft  of  the  boat,  which  is  really  only   one  of  the 
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factors  of  the  tonnage,   is   taken   into  account  to  modify  the  amount  of 
the  dues  in  the  measure  hereafter  indicated. 

Draft  of  boats.  —  Loaded  boats  traversing  the  waterway  either  the  entire  distance  or  only  partially 
in  both  directions  and  having  a  draft  of  IJBO  m.  up  to  IJBO  m.  or  more  pay  for  their  capacity  the 
same  tonnage  as  for  their  cargo. 

Boats  loaded  to  1.60  m.  and  under  np  to  36  tons  pay  for  their  capacity  a  tonnage  corresponding 
to  a  draft  of  m.  1,60  and  the  cargo  such  as  it  is. 

Boats  loaded  with  less  than  86  tons  pay  for  their  capacity  a  tonnage  corresponding  to  a  draft  of 
1.80  m.  and  the  cargo  such  as  it  is. 

For  returning  empty  Is  collected  the  tonnage  of  the  capacity  and  a  draft  of  1.80  m. 

ofthe  Equally  with  the  double  basis,  the  classing  of  merchandise  with  the 
lumiii ^nuriit*  ^®^  ^^  tarificatioD  has  been  long  since  abandoned  on  the  State  system 
of  tho  Mrcfeao-  for  two  motives,  viz.  too  great  and  useless  complication,  considering  that 
Of  transports  by  water  are  for  the  greatest  part,  not  to  say  nearly  totally, 
•*••••     heavy  transports. 

There  is  now  no  trace  left  of  the  differential  tariffs  according  to  the 
nature  and  value  of  the  merchandise,  except  on  the  canal  from  Brussels 
to  the  Rupel  and  on  the  TEspierres  canal,  and  the  number  of  classes  is 
exceedingly  reduced,  as  is  shown  in  the  tables  of  the  first  chapter  in 
which  are  given  the  subdivisions  in  which  different  products  were 
divided. 

The  quantity  of  merchandise  transported,  that  is,  the  cargo  tonnage  of 
the  boat  is  one  of  the  two  factors,  which  serve  to  determine  the 
amount  of  the  tolls;  the  other  factor  is  the  distance  traversed. 


V.  EXEMPTION  FROM  OR  REBATEMENT  OF  TOLLS. 


On  the  navigable  ways  administered  by  the  State  exemption  from 
navigation  dues  is  granted  by  the  general  regulations  of  police  and 
navigation  approved  by  the  royal  decree  of  May  1»*  1889.  Art.  82: 

1.  To  all  vessels  belonging  to  the  army  or  serving  for  its  operations  or 
transports,  as  well  as  to  all  other  State  vessels  navigating  under  the 
national  flag; 

2.  To  tenders  empty  or  loaded  of  vessels  obliged  to  discharge  a  part  of 
their  cargo  on  account  of  a  reduction  of  the  regulation  draft  of  water  or 
for  any  other   accidental  cause,  such  as  average  etc.; 

The  tolls  are  due  on  the  total  of  the  cargo  of  the  vessel  before  it  is 
discharged; 

3.  To  vessels  employed  by  the  service  of  the  navigable  ways,  and  put 
in  movement  on  a  written  order  of  an  agent  of  the  administration ; 

4.  To  craft  with  a  tonnage  less  than  three  tons; 

5.  To  towing  boats  and  ice-breakers ; 

6.  To  vessels  which  at  time  of  rising  or  falling  tide  are  displaced  by 
order  of  the  administration  and  return  to  their  point  of  departure  when 


20 

the    cause   which   necessitated   their  displacement   has   ceased   to    exist; 

7.  To  boats  loaded  exclusively  with  manure;  matters  which  are  con- 
sidered as  such,  and  are  thus  exempt  from  transport  dues  are  at  the 
present  day  many  in  number  and  are  enumerated  in  the  Royal  decree  of 
October  6^1^  1890. 

Reduction  of  tolls  is  also  accorded  to  boats  doing  a  regular  servi'ce.  Thus, 
boats  which  are  exclusively  employed  in  a  regular  passenger, service  and 
carry  only  passengers  and  their  luggage  are  subjected  only  to  a  quarter 
of  the  tax  due  in  proportion  to  the  complete  cargo  they  are  able  to  carry. 

If  they  carry  passengers  and  merchandise  the  dues  are  paid  at  the  rate 
of  three  eighths  of  the  complete  cargo. 

If  they  do  a  regular  service  for  the  transport  of  merchandise  the  dues 
are  payable  on  three  quarters  of  their  complete  cargo. 

As  we  have  already  said,  masters  of  empty  boats  need  only  provide 
themselves  by  a  payment  of  20  centimes  with  a  permit  to  travel  empty. 
This  permit  is  available  for  the  journey  to  the  destination;  a  new  permit 
is  necessary  for  the  return  journey  if  the  boat  is  still  empty. 

As  indicated  on  pages  4  and  5  reductions  of  toll  are  granted  to  boats 
travelling  empty  on  the  communal  canals  from  Brussels  to  the  Rupeland 
from  Louvain  to  the  Dyle  as  well  as  on  the  conceded  navigable  ways. 

The  tables  inserted  in  the  first  chapter  show,  also,  that  considerable 
reductions  of  tolls  are  granted  to  empty  boats  on  communal  canals  and 
conceded  ways. 

On  the  canal  from  Blaton  to  Ath  and  on  the  conceded  Dendre  the 
regulation  reductions  are  as  follows : 

Reduotlont.  —  The  matters  considered  as  manure  are  not  allowed  any  redaction,  but  pay  the  same 
tariffs  as  other  products.  —  Nevertheless,  exception  is  made  for  boats  laden  with  lime  for  manure, 
viz.: 

l»t.  Those  coming  from  Blaton  in  destination  for  places  situated  between  Alost  and  Termonde  (not 
including  Alost)  and 

2nd.  Those  coming  from  the  basin  of  Tournai  for  Alost  which  pay  the  rates  of  tariff  no.  3. 

3nd.  Those,  coming  from  the  basin  of  Tournai  for  destinations  between  Alost  and  Termonde  pay 
the  rates  of  tariff  no.  4. 

Finally,  boats  loaded  with  fecal  matter  entering  at  Blaton  for  the  entire  distance  pay  the  rates 
of  tariff  no.  3. 

It  should  be  remarked  that  merchandise  destined  for  exportation,  as  well 
as  merchandise  imported  from  abroad  by  maritime  way,  enjoys  special 
favours.  Thus  on  the  canal  from  Ghent  to  Terneuzen  and  on  the  canal 
fron  Ghent  to  Ostend  „boat8  coming  from  the  sea  and  vice- versa  and  those 
which  without  coming  from  the  sea  are  employed  in  the  transport  of  cargo 
from  such  boats,  are  exempt  from  navigation  dues  and  the  permit  for 
travelling  empty".  (1) 

By  an  analogous  arrangement  on  the  canal  from  Brussels  to  the  Rupel  (2) 


(1)  P.  75  Guide  du  batelier,  r^glements  particuliers. 

(2)  Royal  decree  of  March  25**^  1882. 
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a  reduction  of  50  **/o  on  navigation  dues  is  granted  for  every  steam  or 
sailing  vessel  doing  a  regular  service  between  Brussels  and  any  foreign 
place  and  carrying  merchandise  from  the  interior  for  exportation.  The 
same  reduction  is  granted  on  the  return  of  the  same  ships  bringing 
merchandise  from  abroad  for  the  interior  or  in  transit. 

VI.  MODE  OF  COLLECTION.  —  CONTROL. 


All  along  the  navigable  ways  administered  by  the  State  the  navigation 
dues  are  collected  by  agents  who  are  ordinarily  at  the  same  time  lockkeepers 
and  collectors. 

On  one  and  the  same  line  payment  is  made  at  the  office  of  the  place 
of  departure,  or  from  office  to  office. 

The  real  cargo  of  the  boat  is  determined  from  the  indications  given 
in  the  gauging  manifest  {procea  verbal  de  jaugeage)sxiA.  from  the  standards 
with  which  every  boat  should  be  provided.  The  distance  is  determined 
by   the   tables  of  distances  annexed  to  the  regulation  of  navigable   ways. 

The  guaging  of  the  boats  is  effected  by  following  an  elementary  and 
practical  method,  which  without  aiming  at  an  extraordinary  and  entirely 
mathematical  decision  of  the  useful  capacity  of  the  boat,  is  the  more 
satisfEtctory  as  the  unitary  rates  have  now  become  very  reduced  and  that 
a  slight  error  of  volume  is  thus  not  of  great  importance. 

The  method  is  simple  and  rapid;  these  are  two  essential  qualities  and 
it  is  sufficiently  exact,  as  may  be  judged  from  Annex  II  (1). 

The  gauging  manifest  is  signed  by  the  gauging  expert  and  by  the  boat- 
man. It  is  examined  by  the  Chief  Engineer  of  the  service  and  by  a 
Director  of  registration.  With  regard  to  collection  control  is  exercised  from 
lock  to  lock  by  reading  the  scales  and  the  guaging  manifest.  The  general 
regulations  stipulate  a  series  of  clauses  for  intermediate  distances  between 
the  collecting  offices,  for  fractions  of  decimetres  of  draft,  for  cases  of 
difference  of  water-line  fore  and  aft,  for  the  case  of  absence  of  gauging 
manifest,  for  loading  and  unloading  in  course  of  route,  and  finally  for 
distance  traversed  beyond  the  extreme  point  mentioned  in  the  declaration 
made  at  the  point  of  departure.  It  would  be  too  long  and  of  no  great 
interest  to  relate  here  how  all  these  difficulties  of  detail  have  been  over- 
come. However  all  these  exceptional  cases  are  enumerated  in  the  general 
regulations  which  we  have  frequently  mentioned. 

VIL  DUES  FOR  WORKING  LOCKS,  FLOODGATES  AND  BRIDGES. 


The  only  ways  which  still  levy  bridge  dues  and  tolls  for  passage  are  the 
communal   canals   of  East  Flanders;   it  is  necessary   to  add  two  small 


(1)  Royal  decree  of  March  25tb  1882. 
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canals  in  West  Flanders,  the  Blankenberg  canal,  administered  by  a 
company  of  Wateringues,  which  levies  a  toll  for  passage  at  the  Speyelock, 
and  the  Martje  canal,  administered  by  third  parties,  who  levy  a  toll  at  the 
passage  of  the  Merkem  bridge.  At  Termonde  the  communal  administra- 
tion levies  rates  on  the  Dendre  at  the  Bogards  and  Augustins  bridges. 
The  legality  of  these  taxes  is  questioned  by  the  State.  Finally  there  exists 
on  the  Dyle  a  toll  for  passage  at  the  Moulins  floodgates  sanctioned  by  a 
decree  of  1819.  This  tax  will  soon  disappear  and  at  the  same  time  the 
work  itself.  Everywhere  else  local  taxes  for  manoeuvres  have  been 
suppressed. 

VIII.  SUPPLEMENTARY  DUES  AT  NIGHT. 


Navigation  at  night  is  not  yet  practised  in  a  regular  manner  on  all  the 
ways  of  the  State  system.  It  is  simply  tolerated  on  several  canals  and  gives 
occasion  for  special  dues  which  are  not  handed  in  to  the  State,  but  which 
serve  to  compensate  the  staff  performing  this  supplementary  labour. 

These  dues,  paid  at  the  passing  of  constructive  works,  amount  to  75 
centimes  for  each  lock-keeper  and  50  centimes  for  each  bridge-man  or 
assistant  lock-keeper. 

IX.  QUAY  DUES. 


In  conclusion,  and  in  order  that  we  may  omit  nothing  concerning  tolls 
collected  on  canals  and  rivers,  we  must  say  a  word  respecting  the  quay  dues 
which  are  collected  in  inland  navigation  ports. 

These  ports  are  ^subdivided  into  three  categories,  those  established  by  the 
State,  those  constructed  by  communes  entirely  at  their  own  expense,  and 
finally,  and  these  are  the  most  numerous,  those  executed  by  the  aid  of  a 
subvention  from  the  Public  Treasury. 

The  State  does  not  collect  any  tax  in  inland  navigation  ports,  which 
it  has  established  at  its  own  expense;  it  provides  for  expenses  of  main- 
tainance,  takes  no  part  in  the  administration,  and  does  not  require 
repayment  either  of  the  expenses  of  maintainance  nor  interest  on  the  cost 
of  the  first  establisment. 

The  communes  on  the  contrary  endeavour  to  obtain  a  return  of  their 
outlay,  and  they  are  authorised  to  do  so  by  the  Government;  but  as  a 
rule  at  the  present  time  they  cannot  make  any  profit  by  the  administration 
of  the  quays. 

The  tariffs  of  quay  dues  are  consequently  in  each  particular  case  arranged 
in  such  manner  that  the  receipts  do  not  exceed  the  total  of  ordinary  and 
extraordinary  expenses  caused  by  these  quays.  The  receipts  and  expenses 
connected   with   these   works   are   the   subject   of  a  special  account.  This 


23 

account  is  presented  to  the  superior  administration  at  the  end  of  each 
year.  At  the  commencement  of  the  working  and  during  the  first  three 
years  the  tariff  is  only  provisional  and  it  is  revised,  if  there  is  cause  for 
this  to  be  done,  in  the  course  of  the  third  year,  in  order  to  place  the 
receipts  in  harmony  with  the  expenses. 

The  public  quays  constructed  by  the  State  are  for  the  use  of  all,  without 
favour  or  exception,  and  without  any  other  restriction  for  the  users  than 
that  the  latter  conform  to  the  regulations  of  navigation,  and  to  those  of 
the  local  police. 

Translated  by  G.  J.  Rowland. 


Annex  No.  I. 


TOLLS. 


Brief  review  of  the  modifications  applied  to 
bases  and  modes  of  collection  of 

tolls  in  Belgium. 
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DESIGNATION  OF  THE  NAVI- 
GABLE WAYS. 


Canal    from    Charleroi   to 
Brussels. 

Commenced  March,  16**» 
1827. 

Opened    to   Navigation 
September    22°«i   1832. 

Repurchased  by  the 
State  by  virtue  of  the 
law  of  June,  1"*  1839. 


Canal  from  Ghent  to  Ter- 
neuzen. 

Commenced      J  anuary 
24*^  1826. 

Opened  to    Navigation 
November  18*^  1827. 

Constructed  by  the  State. 


Canal  from  Pommeroeul  to 
Antoing. 

Commenced   June   19*^ 
1823. 


HISTORICAL. 


Royal  decree  of  September  IT^h  1832.  —  Fixed  and 
uniform  tax  of  fl.  1.45  per  ton  from  Charleroi  or  from  the  Centre  to 
Bmsselfi  and  yioe  versa. 

Royal  decree  of  June  28^^  1833.  —  Reduction  of  16  p.c.  of 
the  preceding  tax. 

Royal  decree  of  March  3l8t  1849.  —  Reduction  of  36  p.c.  of 
the  tax  of  1833. 

Law  of  February  19th  i860  and  Royal  decree  of 
February  the  20th  following.  —  Radical  modification  of  the 
system  of  tolls  preyiously  in  use.  The  dues  ai'e  fixed  per  league  of 
5000  m.  and  per  ton  of  cargo  and  capacity  in  the  following  manner: 

francs. 

Per  ton  of  cargo 0.0480 

Per  ton  of  capacity  of  the  vessel 0.0160 

ditto        ditto      (returning  empty) 0.0160 

Total  0.0800 
Law   of  July     lat    1865    and   Royal   decree   of  July   26th 

following.   —  Modification  of  the  basis  of  the  law,  and  of  the  Royal 

decree  of  1860.  —  The  tax   is  fixed    at  fr.  0.01   per    ton   of  cargo   per 

kilometre. 
Royal    decree    of    June     l^t    1886.    — -  Reduction   of  the  tax 

from  fr.  0.01  to  fr.  0.005. 

Royal  decree  of  April  9th  1830.  —  Sea-going  vessels:  For 
the  whole  length  of  traverse  fl.  0.48  to  fl.  0.38  per  sea- ton  (according 
to  the  direction  and  season  of  the  year) ;  bridge-tax  fl.  0.20.  Inland  boats : 
fl.  0.20  to  fl.  0.35;  bridge-tax  fl  0.10. 

Treaty  of  April  19th  1839.  —  Sole  tax  for  sea-going  ves- 
sels, ascending  fl.  2.3704  per  ton;  for  those  descending  fl.  0.38. 

Treaty  of  November  5th  1842.  —  Suppression  of  all  taxes 
on  maritime  navigation.  Suppression  of  the  bridge-tax  and  reduction  by 
V«  of  the  taxes  charged  on  inland  navigation. 

Royal  decree  of  February  17th  1852.  —  Reduction  of 
50  p.c.  of  the  previous  tariff. 

Royal  decree  of  June  5th  1871.  —  Putting  in  execution  of 
the  law  of  July  1st  iqq^  (gee  above  the  canal  from  Charleroi  to  Brus- 
sels.) —  Tax  of  fr.  0.005  per  ton  of  cargo  per  kilometre. 

Royal  decree  of  July  27th  1827.  —  Fixed  and  uniform  tax 
of  fr.  0.396  per  ton  of  capacity  and  fr.  1.285  per  ton  of  cargo. 

Royal  decree  of  January  9th  1831.  —  Reduction  of  50 p.c. 
of  the  previous  tariff. 

Royal  decree  of  April  15th  1834.  —  The  tax  is  fixed  at 
fr.  0.1481  per  ton  of  capacity  and  fr.  0.444  per  ton  of  cargo. 
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DESIGNATION  OF  THE  NAVI- 
GABLE WAYS. 


Opened  to  Navigation 
June   26^J»  1826. 

Repurchased  by  the  State 
by  virtue  of  the  Royal 
decree  of  June  9*^ 
1828. 


HISTORICAL. 


Caaal  from  Maestricht  to 
Bois-le-Duc  (Belgian  part). 

Commenced  June  19*^ 
1822. 

Opened    to  Navigation 
August  24**^  1826. 

Constructed  by  the  State. 


Cual  from  Liige  to  Maas- 
tricht (Belgian  part). 

Commenced  March   4*** 
1846. 

Opened   to    Navigation 
October  21^*  1850. 

Constructed  by  the  State. 


Royal  decree  of  March  1 3tb  1852.  —  Reduction  of  60  p.c. 
of  the  tariff  of  1834. 

Royal  decree  of  September  2^^  1863.  —  Putting  in  execu- 
tion the  law  of  February  19th  i860  (Charleroi  to  BrusBcls).  —  The 
taxes   are   fixed  per  league   of  5000   metres   per    ton    of    cargo    and 

capacity  in  the  following  manner: 

trwuca. 

Per  ton  of  cargo 0.03 

Per  ton  of  capacity  of  the  yessel    ....    0.01 

ditto  (returning  empty)  ....    0.01 

Total    .    .    0.05 

Royal   decree    of  July    26*^    1865,  putting  in  execution  of  the 

law   of  July    ist    1865   (Charleroi    to   Brussels).   The   tax   is    fixed    at 

fr.  0.01  per  ton  of  cargo  per  kilometre. 

Royal    decree   of   June    l^t    1886.    —  Reduction  of  this  tax  to 

fr.  0.005. 

Royal  decree  of  October  3rd  1828.  —  Loaded  boats  fl.  0.025 
per  ton  and  per  league  from  Maestricht  to  Bois-le-Duc;  fl.  0.045  in  reyeree 
direction.  Empty  boats:  half. 

Royal  decree  of  October  12th  1839  and  July  9^  1842. 
—  The  preceding  tariff  is  modified  as  follows:  From  Loozen  to  Hocht 
fl.  0.9015;  from  Hocht  to  Bocholt  fl.  0.451. 

Treaty  of  November  5th  1842.  —  Reduction  of  the  preceding 
taxes,  respectively,  to  fl.  0.4265  and  fl.  0.2845. 

Treaty  of  July  9th  1846.  —  The  taxes  are  fixed  per  ton 
per  league  in  the  following  manner.  Loaded  boats:  fr.  0.03175;  empty 
boats  fr.  0.01587. 

Treaty  of  March  15^^  1852.  —  Reduction  by  50  p.c.  of  the  pre- 
ceding taxefl. 

Royal  decree  of  May  3rd  1880,  putting  in  execution  of  the  law 
of  July,  l«t  1865.  (Charleroi  to  Brussels).  Tax  of  fr.  0.0025  per  ton  of 
cargo  and  per  kilometre. 

Royal  decree  o.f  September  l»t  1850.  —  The  taxes  are 
fixed  per  ton  of  capacity  per  league  as  follows :  Loaded  boats :  fr.  0.10 ; 
empty  boats  fr.  0.05. 

Royal  decree  of  February  20^^  1860,  putting  in  execution 
of  the  law  of  February  19th  i860  (Charleroi  to  Brussels).  The  taxes 
are  fixed  per  league  of  5000  meters  per  ton  of  cargo  and  of  capacity 
as  follows: 

francs. 

Per  ton  of  cargo    ." 0.0450 

Per  ton  of  capacity  of  the  boat.    .     .    .    0.0150 
ditto      (returning  empty)    .     .     .    0.0150 

Total     .     .     .    0.0750 
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DESIGNATION  OF  THE  NAVI- 
GABLE WAYS. 


Junction  Canal    from    the 
Mouse  to  the  Scheldt. 

Commenced  April  S^^ 
1843. 

Opened  to  Navigation 
September  22°«*  1846 
(on  all  its  length). 

Constructed  by  the  State. 


HISTORICAL. 


Canal  from  Mens  to  CondA 

(Belgian  part). 

Commenced  October  18^^ 
1807. 

Opened  to  Navigation 
October  19^1^  1818. 

Constructed  by  the  State; 
ceded  to  the  Province 
by  decree  of  December 
17*»»     1819 ;      retaken 


Royal  decree  of  October  24^^  1860.  —  The  above  taxes 
are  reduced  respectively  to  fr.  0.03,  fr.  0.0 1  and  fr.  0.01,  in  all   fr.  0.05. 

Royal  decree  of  July  26th  1865,  putting  in  execution  of 
the  law  of  July  ist  1865  (Charleroi  canal  to  Brussels).  —  The  tax  is 
fixed  at  fr.  0.0075  per  ton  of  cargo  per  kilometre. 

Royal  decree  of  June  1st  1886.  —  Reduction  of  the  preceding 
tax  to  fr.  0.005. 

Royal  decree  of  November  23rd  1844.  —  The  taxes  for 
the  l^t  Section  of  the  canal  are  fixed  as  follows:  Per  ton  of  cargo 
per  league  fr.  0.05  for  straws,  hay,  pitch-pine,  trees,  poles,  fire- 
wood and  faggots;  fr.  0.10  for  pit-coal,  stones  and  other  merchan- 
dise not  mentioned  above.  (This  tariff  has  been  made  applicable  to 
the  two  other  sections  of  the  canal  by  the  Royal  decrees  of  October 
12tli  and  September  28*^  1856). 

Royal    decree    of    February     20th   i860  putting  in   execution 

the   law   of   February  19th  i860  (Charleroi  to  Brussels).   —   For   the   3 

sections,  the  taxes  are  fixed  per  league  of  5000  metres  per  ton  of  cargo 

and  of  capacity  as  follows: 

francs. 

Per  ton  of  cargo 0.03 

Per  ton  of  capacity  of  the  boat 0.01 

ditto        (returning  empty) 0.01 

Total     ....     .     0.05 
Royal    decree  of  July   26th   1865  putting  into  execution  of  the 
law  of  July  1st   1865  (from  Charleroi  to  Brussels).   The  tax  is   fixed  at 
fr.  0.0075  per  ton  of  cargo  per  kilometre. 

Royal  decree  of  June  1st  1886.  —  Reduction  of  the  pre- 
ceding tax  to  fr.  0.005. 

Royal  decree  of  December  14th  1815.  —  Provisional  rates 
of  fr.  0.02  per  ton  per  league  for  loaded  boats,  and  fr.  0.01  for  empty 
boats. 

Royal  decree  of  August  1822.  —  Augmentation  by  50  p.c.  of 
the  preceding  rates. 

Royal  decr-ee  of  July  27th  182  7.  —  Rates  payable  to  each 
of  the  four  offices  fl.  0.07  per  10  tons  of  capacity  and  fl.  0.07  per  10 
tons  of  cargo. 

Royal  decree  of  April  15th  1834.  —  The  preceding  tax  is 
fixed  at  fr.  0.14. 

Royal  decree  of  December  2"<^  1839.  —  The  rate  is  fixed 
at  fr.  0.05  per  ton  of  cargo  to  be  paid  at  each  of  the  offices. 

Royal  decree  of  September  2"^^  1863,  putting  in  execution 
the  law  of  February  the  19th  i860  (Charleroi  te  Brussels).  The  rates 
are  fixed  per  league  of  5000  meters  and  per  ton  of  cargo  and  of  capa- 
city as  follows: 
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OeSI8NAT10M  OF  THE  NAVI- 
GABLE WAYS. 


HISTORICAL.. 


by  virtue  of  the  law  of 
December   30*^  1843. 


Upper-Scheldt. 

Canalisation  not  com- 
pleted. 

Retaken  by  the  State 
by  virtue  of  the  budget 
of  December  31^^  1838. 


Lye. 


Retaken  by  the  State 
in  virtue  of  the  budget 
of  December  31«*  1838. 


francs. 

Per  ton  of  cargo 0.03 

Per  ton  of  oapaoity 0.01 

ditto  (returning  empty)    .     .     .     0.01 

Total     .     .    0.05 
Royal  decree  of  July  26th  1865,  putting  in  execution  the  law  of 
July    1st    1865   (Charleroi  to  Brussels).    The  rat«  is  fixed  at  fr.  0.01  per 
ton  of  cargo  per  kilometre. 

Royal  decree  of  June  l^t  1886.  —  Reduction  of  the  prece- 
ding tax  fr.  0.005. 

Royal    decree    of    August     16*h     1822,    put  in   force  January 

1st   1823   and  indefinitely  maintained  by  decree  of  November  16th  1824. 

Part  situated  in  Hainault.  Dues  levied  at  the  locks  at  Antoing  and  at  the 

Trous  bridge  at  Toumay,  varying  according  to  the   capacity  of  the  boats 

and  divided  into  9  classes. 

Rate  per  ton  of: 

francs. 

Empty  boats 0.01 

ditto        half  loaded 0.015 

ditto        descending  more  than  half  loaded 0.02 

Royal  decree  of  December  18th  1819.  —  Part  situated 
in  East  Flanders.—-  Rate  of  fr.  0.0325  per  ton  of  capacity  at  each  of 
the  bars  of  Espierres,  of  Autry ve,  of  Audenarde  and  of  Semmerzaeke ; 
Rate  of  fr.  0.0125  at  the  Madon  bridge  and  of  fr.  0.850  at  the  locks 
de  la  P^cherie  at  Ghent. 

Royal  decree  of  March  13th  1852.  —  Reduction  by  50 
pet.  of  the  preceding  tariffs. 

Royal  decree  of  June  23^^*^  1886.  —  The  navigation  dues  are 
fixed,  in  consequence  of  the  royal  decree  of  June  1st  (same  year)  uni- 
formly and  on  all  the  length  of  the  river  at  fr.  0.0016  per  ton  of 
cargo  per  kilometre. 

Royal  decree  of  September  30th  1839.  —  Part  situa- 
ted in  West  Flanders.  —  The  rates  are  fixed  per  ton  of  capacity 
and  are  payable  on  passing  the  offices,  according  to  the  following  tariff: 

francs.  francs. 

Toll  of  Comines    ....    loaded  0.0635  fempty  0.0212 

^     „    Menin ditto    0.0635   ditto   0.0212 

„     y,   Harlebeke.    .     .     .      ditto    0.1058   ditto   0.0635 
„     „    Yive  St.  Eloi     .     .      ditto    0.0635    ditto   0.0212 
Royal    decree    of    November    20th    1833.   —  Part  situated 
in  East  Flanders.   —   Tax  of  fr.  0.0425  per  ton  of  capacity  payable 
at  the  locks  of  la  Pecherie  at  Ghent. 

Royal  decree  of  April  20th  1863.  —  Putting  in  execution  of 
the   law    of   February    19th    i860.    (Charleroi    to    Brussels).    The   taxes 
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DESIGNATION  OF  THE  NAVI- 
GABLE WAYS. 


HISTORI  CAL. 


Meuse  (Belgian  part). 

Retaken  by  the  State  in 
virtue  of  the  budget  of 
December    31«t   1838. 


Canalised     from     1860 
to  1880. 


Sambre  (Belgian  part). 
Canalised  from  1824  to 

1828. 

Opened  to  Navigation 
January  1«*  1829. 

Repurchased  by  the  State 
according  to  an  arrange- 
ment sanctioned  by 
the  law  of  September 
26*b  1835. 


are  fixed   per  league  of  5000  metres  and  per  ton  of  cargo  and  of  capa- 
city, as  follows: 

franca. 

Per  ton  of  cargo 0.012 

Per  ton  of  capacity  of  the  boat 0.004 

ditto        (returning  empty) 0.004 

Total 0.020 

Royal  decree  of  July  26^^  1865.  —  Putting  in  execution  of  the 
law  of  July  1st  1865  (from  Charleroi  to  Brussels).  —  The  tax  is  fixed 
at  fr.  0.002  per  ton  of  cargo  and  per  kilometre. 

Royal  decree  of  May  T^ii  1867.  —  Reduction  of  the  preceding 
tax  to  fr.  0.0012. 

Royal  decree  of  June  !«*  1886.  —  Fixing  of  the  dues  of  1867 
at  fr.  0.0016  (with  a  yiew  to  uniformit}'). 


Royal  decree  of  October  SQtii  1820.  —  The  tax  is  payable 
on  passing  the  offices;  it  is  fl.  0.03  per  ton  of  capacity  or  cubic  m.  of 
the  Netherlands,  for  loaded  boats  and  half  for  empty  boats.  Regulation 
of  May  20*^  1843.  —  Putting  in  execution  of  the  treaty  of  April 
19tb  1889  and  of  Kovember  5th  i842.  —  The  tax  due  on  passing  the 
offices  is  fixed  at  fr.  0.008  per  cubic  metre  of  capacity  of  the  boat  per 
league  of  5  kilometres,  for  loaded  boats,  and  half  for  empty  boats. 

Royal  decree  of  January  6th  1870.  —  Reduction  of  this 
tax  for  boats  furnished  with  a  scale  of  dimensions.  For  boats  of  which 
the  cargo  does  not  exceed  half  the  tonnage,  the  tax  reduced  to  fr.  0.004 
is  leyied  on  this  half  and  the  entire  tax  of  fr.  0.008  on  the  other  half; 
in  the  contrary  case  the  toll  of  fr.  0.008  is  levied  on  the  total  of  the  tonnage. 

Convention  of  October  3l8t  1885.  —-  The  tax  of  navigation 
is  fixed  at  fr.  0.0016  per  ton  of  cargo  per  kilometre. 


Royal  decree  of  October  13tii  1832.  —  The  tax  is  fixed  at 
fixed  at  fl.  0.09  per  ton  and  per  league. 

Royal  decree  of  September  1st  1840,  November  1»*  1849, 
September  22pd  1852,  April  5th  and  October  24th  1854.— 
Reductions  of  this  tax  for  pit-coals  and  various  other  materials. 

Royal  decree  of  September  2  6th  1855.  —  Uniform  tax,  for 
all  sorts  of  merchandise,  of  fr.  0.06  per  ton  per  league. 

Royal  decree  of  July  26th  1865.  —  Putting  in  execution 
of  the  law  of  July  Ist  1865  (Charleroi  to  Brussels).  —  The  tax  is 
fixed  at  fr.  0.0075  per  ton  of  cargo  per  kilometre. 

Royal  decree  of  July  1st  1886.  —  Reduction  of  this  tax  to 
fr.  0.004. 
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DESIGNATION  OF  THE  NAVI- 
GABLE WAYS. 


HISTORiCAl-. 


Dendre. 

Conceded  to  the  Provin- 
ces by  decree  of  Decem- 
ber 17^  1819. 

Taken  back  by  the  bud- 
getary law  February 
W^  1840. 

Canalised  by  the  State 
and  conceded  by  virtue 
of  the  law  of  September 
8**^  1859,  by  Royal 
decree  of  January  8*^ 
1863. 


Royal  deoree  of  Angust  25th  1887.  —  Reduction  of  the 
preceding  tax  to  fr.  0.0016. 

Royal  decree  of  Augnat  13^1^  1822.  —  Part  situated  in 
Hainault:  The  tax  is  fixed  per  ton,  as  follows:  Office  of  Lessines: 
Direction  from  Lessines  to  Ath  and  vice- versa;  fully  loaded  fr.  0.06, 
half  loaded  fr.  0.045,  empty  fr.  0.01.  Direction  from  Lessines  to  G^ram- 
mont  and  yice-yersa:  fr.  0.02,  fr.  0.105,  and  fr.  0.01  as  above. 

Royal  deoree  of  December  13th  1829.  —  Part  situated 
in  East  Flanders.  —  The  tax  is  fixed  at  fr.  0.0175  per  ton  of  the 
boat  loaded  or  empty  payable  before  each  of  the  7  offices. 

Royal  decree  of  October  5th  1868.  —  The  taxes  are  uni- 
formly fixed  for  the  whole  length  of  the  river,  as  follows: 

francs. 

Per  ton  of  cargo  per  kilometre 0.006 

ditto       capacity  ditto  .    .    .    0.002 

ditto  (returning  empty)    .    .     .    0.002 


Total 


O.OIO 


Annex  No.  II. 


MODE  OF  GAUGING  BOATS. 


Total  tonnage.  —  To  arriye  at  a  knowledge  of  the  weight  of  the  complete  cargo 
of  a  hoat,  we  take  four  horizontal  aeotions  of  the  yessel,  the  first  at  the  water- 
line  when  empty,  the  second  50  centimetres  higher,  the  third  at  one  metre  ahove 
the  water-line,  and  the  fourth  coincident  with  the  plane  of  the   highest  water-line. 

Between  these  planes  of  immersion  when  empty,  and  when  fully  laden  the  boat 
is  thus  divided  into  three  sections,  of  which  the  sum  of  the  volumes  represents  the 
number  of  cubic  metres  of  water  displaced  by  the  full  cargo  of  the  boat,  that  is,  the 
maximum  number  of  tons  of  1000  kilogrammes  which  it  can  carry. 

The  volume  of  each  section  is  easily  obtained  by  calculating  the  area  of  the  two 
limiting  sections  above  and  below  the  section  considered,  and  in  multiplying  the  half 
of  the  sum  of  these  areas  by  the  height  which  separates  them. 

The  following  formulee  serve  to  make  the  calculations  in  question: 

The  area  of  the  1^^  section  equals: 

g, -h2&,  +  c,  ^  ^   _j_  c,  +  2d,  -f-  2e,  +  2f,  +  g,  y^  j^_^  9i  +  ^h,  +  t,    ^  ^,^  _  ^^ 
4  8  4 

The  area  of  the  2:^^  section  equals: 

g, +  26,4-0,^^    ^  c,  -h  2d,  H-  2e^  +  2^  +  g,  ^  L    +  fl^«  +  ^^«  +  ^»   y^  /.=A,. 
4  8  4 

The  area  of  the  3nd  section  equals: 

o, +2b.-t-c.  ^  ^   _^  c,  +  2d,  H-  2e.  4-  2/;  +  y,  ^  L,  +  g»  +  ^/t.  +  t.   w  y^  _  ^^ 
4  8  3 

And  the  area  of  the  4th, section  equals: 

g,  4-  2b,  +  c,  ^  ^   _^  c,  H-  2d,  -h  2e,  +  2^  4-  flr,  x  L    -h  g*  +  ^^*  "*"  **  x  l\  =  A,. 
4*8  4 

From  these  surfaces  we  deduce  the  cubes: 
1st  of  the  lower  section: 

:^i±A»x0.50m.  =  V,; 
2nd  of  the  intermedial  section: 


2 

3n<^  of  the  upper  section: 


X  0.50  m.  =r  V. ; 


r^^±^x(H-1.00m.)  =  V,. 

The  sum  of  the  cubes  V^  4-  V,  -f-  V,  r=  T  or  the  total  tonnage  of  the  boat. 

In  the  gauge  manifest  the  letters  of  the  formulee  and  of  the  sections  are  replaced 
by  the  corresponding  figures. 

The  widths  such  as  b  and  h  are  taken  at  mid  distance  between  the  widths  a 
and  c,  g  and  i. 

The  widths  c,  d^  e^  f,  g  are  equidistant. 
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Prooressiye  TONNAas.  —  The  progressive  tonnage  of  the  boat  at  intervals  of  5 
centimetres  in  calculated  as  follows  from  the  draft  when  empty  to  the  draft  when  fully 
laden: 

Lower  section.  —  From  nought  to  the  total  volume  of  this  section  the  volume 
increases  every  5  centimetres  by  a  fraction  equal   to  r-r-  of  the  volume  of  the  section. 

Intermediate  section.  —  From  the  volume  of  the  lower  section  to  the  volume  of  the 

two   sections  united  the  volume  increases   every  5  centimetres  by  a  fraction  equal  to 

1 


10 


of  the   volume  of  the  intermediate  section. 
Upper  section.   —   In   this  section  the   volume   increases   every  5  centimetres  by  a 


fraction  equal  to  the  —of  the  volume  of  the  said  section  (n  representing  the   number 


n 


of  times  5  centimetres  is  contained  in  the  height  of  the  third  section). 
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Tolls  on  Navigable  Ways  in  France. 


REPORT 


BY 
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I.  —  INTRODUCTION  AND  DIVISION  OF  THE  REPORT. 

In  France  nearly  all  (98  o/q)  of  the  system  of  navigable  ways  is  in  the 
hands  of  the  State,  and  is  worked  and  administered  by  it. 

The  laws  of  December  21st  1879  and  February  19*^  1880  suppressed 
all  navigation  dues  on  these  ways,  and  at  the  present  time  only  a  few 
customary  tolls  are  levied. 

Tolls,  therefore,  only  exist  on  that  portion  of  the  system,  which  has  been 
made  the  object  of  concessions  still  in  force,  viz.,  the  following: 

Perpetual  concessions. 

BnrsBS.                                                                                  Kilometrks. 
The  canalised  Lez  or  Orave  canal 10 

Canals. 

Lanel 9 

Midi 279 

Ouroq,  St.  Denis  and  St  Martin  (6<tofi^i'n^  to  th*  eiiy  of  Paris)  120 


Temporary  concessions. 

Canals.  Kii.ombtbss.  Expibation  of 

THK  CONCBflSIOMB. 

Furnes  to  Dunkirk 18  1899 

Dive 40  1936 

From  the  Sambre  to  the  Oise  ....  71  11137 
Bourgidon    (Branch    of  the  canal   from   the 

Rhdne  to  Cette) 11  1989 

BylY^r^al  (    ditto    ) 9  1939 

Yassy  to  St.  Dlzler 33  1948 

Beuvry  (Branch  of  the  Aire  canal)  ...  3  1960 
Canalised  Sonchez   (Part   of  the  canal  Arom 

Lens  to  the  Denlle) 3  1960 

Oaronue  Lateral 213  1900 

In  replying  to  the  fifth  question  of  the  programme  of  the  work  of  the 
Congress  we  think  it  will  be  useful  to  point  out  what  were  the  tolls 
levied  on  the  State  system  of  navigable  ways  before  1880,  and  what  was 
the  mode  of  collection  and  control  employed. 

With  regard  to  the  conceded  ways,  we  will  select  the  principal  ones 
amongst  them  and  briefly  study  them  from  this  point  of  view. 

For  this  purpose  we  have  selected  the  following: 

1***  The  Midi  Canal  and  the  Graronne  Lateral  Canal  (administered  by 
the  same  Company). 

2'»d  The  Canals  of  the  city  of  Paris. 

3"^  The  Canal  from  the  Sambre  to  the  Oise. 

4^^   The  Canal  from  Vassy  to  St.  Dizier. 

We  will  give  later  on  the  general  conclusions  which  we  find  to  result 
from  the  study  of  this  subject. 


II   -  TOLLS  LEVIED   ON   THE  STATE  SYSTEM  OF  NAVIGABLE  WAYS 

before  1880. 

The  rates  of  navigation  dues  levied  before  1880  on  navigable  canals  and 
rivers  administered  by  the  State  had  been  fixed  in  the  most  recent  case 
by  an  Imperial  decree  of  19'*^  of  February  1867. 

The  rate  was  per  ton  per  kilometre. 

The  navigable  ways  were  divided  in  two  categories : 

1.  Rivers  and  canals  assimilated  to  rivers. 

2.  Canals  and  rivers  assimilated  to  canals. 

A  table  annexed  to  the  decree  indicated  for  every  navigable  way  the 
category  in  which  it  should  be  included. 

For  the  collection  of  the  rates  merchandise  was  divided  in  two  classes. 

The  first  class  comprised  generally  wines,  cereals,  colonial  wares,  worked 
metals,  textile  fabrics,  provisions  etc. 

The  second  class  unworked  metals,  combustibles,  wood,  minerals  etc. 
and  all  objects  not  mentioned  in  the  first  class. 


The  tariflB  were  as  follows 


PXB  TOM  PER  KILOICBT&E. 


lit  class 
2Dd  class 


Itt  Category. 

f  0.002 
(two  miUlmes) 

f  0.001 
(oue  mllllme) 


2nd  Categozy. 

f  0.005. 
(five  millimes) 

f  0.002 
(two  millimes) 


For   wood-floats   and   rafts   there   was  a   special   tariff,   by  which  they 
paid  by  cubic  metre,  per  ton  per  kilometre: 


1st  Category. 
f  0.0002. 


2nd  Category, 
f  0.002. 


Empty  boats  were  exempt  from  all  toll ;  and  there  were  no  supplemen- 
tary dues  demanded  for  navigation  at  night. 

Before  entering  on  the  question  of  the  mode  of  collection  it  is  neces- 
sary to  remark  that  in  France  all  boats  travelling  on  the  navigable  ways 
were  gauged  and  are  still  gauged  according  to  the  decree  of  November 
17^*^  1880. 

No  boat  is  allowed  to  travel  unless  it  has  first  been  gauged  and  fur- 
nished with  a  certificate. 

This  certificate  declares : 

1**.  The  name  or  divice  of  the  boat. 

2°^.  The  name  and  place  of  residence  of  the  owner. 

3"*.  The  exterior  dimensions  of  the  boat. 

4*^.  The  draft  of  water  when  fully  loaded. 

6'^.  The  draft  of  water  when  empty  but  with  the  rigging. 

6*^**.  The  tonnage  of  the  boat  when  fully  loaded  and  the  tonnage  per 
centimetre  of  immersion. 

On  each  side  of  the  boat  is  affixed  a  copper  scale  graduated  in  centi- 
metres. The  zero  of  the  scale  corresponds  to  the  draft  of  water  when 
the  boat  is  empty  and  a  mark  placed  higher  up  indicates  the  floating 
line  when  completely  loaded. 

On  iron  boats  the  scale  may  be  simply  painted  on  the  hull,  on  condi- 
tion that  it  be  on  a  part  that  is  absolutely  fixed. 

Bargemen  are  forbidden  to  remove  these  scales,  and,  moreover,  the  agents 
of  the  administration  of  Bridges  and  Ways  may  at  any  time  of  the  year 
proceed  to  a  verification  of  the  gauge. 

In  addition,  every  person  in  charge  of  a  boat  or  float  must  be  provided 
on  every  journey  with  a  declaration  specifying  the  nature  and  weight  of 
the  merchandise  he  is  transporting,  all  loading  or  unloading,  which  has 
been  efiected  on  the  route  as  well  as  the  points  of  departure  and  of 
destination. 

In  connection  with  the  collection  of  dues  the  importance  of  this  gau- 
ging certificate  required  from  boatmen  in  France  will  be  easily  understood. 

The  collector  is  not  obliged  to  rely  on  the  bargemen's  declaration,  nor  to 
take  the  gauge  in  every  case. 


The  immersion  of  the  scales  gives  the  tonnage  and  the  reading  of  these 
scales  at  different  points  of  the  route  is  su£5icient  for  the  control. 

These  explanations  given  we  return  to  te  mode  of  coUectioh  and  control 
in  use  on  the  navigable  system  of  the  State  before  1880. 

The  collection  of  dues  was  effected  by  a  service  absolutely  distinct  from 
and  independent  of  that  of  the  maintainance,  viz.,  the  service  for  the 
collection  of  indirect  taxes  administered  by  the  Minister  of  Finance. 

Collecting  offices  were  established  at  the  principal  ports  which  served  at 
the  same  time  for  collecting  and  for  control. 

All  boats  travelling  on  the  system,  whether  empty  or  loaded,  liable  to  dues 
or  exempt,  had  to  be  provided  with  a  document  showing  that  they  had 
made  at  one  of  the  collecting  of&ces  the  declaration  required  by  the  law 
and  this  document  had  to  be  produced  whenever  it  was  demanded. 

This  document,  as  we  shall  see  further  on,  was  entitled  a  pass  (iaissez-pos- 
ser)  or  provisional  receipt,  (acquit  k  caution)  according  as  the  boats  were  liable 
to  duty,  or  were  empty  boats,  or  exenipted  from  duty,  employed  in  the 
work  of  repair  and  maintainance,  boats  belonging  to  the  State  etc.  and 
thus  requiring  only  a  pass. 

Those  in  charge  of  the  boats  were  not  obliged  to  pay  at  the  time  of 
departure.  This  could  be  done  either  at  the  place  of  departure,  in  the 
course  of  the  journey,  or  at  the  place  of  destination. 

In  the  first  case  a  pass  with  a  receipt  was  handed  to  the  boatman. 
This  document  contained  all  particulars  concerning  the  cargo,  the  places 
of  departure  and  destination  and  had  to  be  controlled  at  all  the  collec- 
ting offices  passed  on  the  journey  and  delivered  up  to  the  office  at  the 
place  of  destination. 

In  the  second  case  the  bargeman  received  a  pass  without  a  receipt ;  this 
had  to  be  controlled  at  the  first  office  reached,  and  payment  made  for 
the  distance  traversed,  for  which  a  receipt  was  given.  He  could  then 
continue  his  journey  until  another  collecting  office  was  reached,  where 
the  same  formalities  had  to  be  again  observed  and  so  on  from  office  to 
office  until  the  destination  was  reached  where  the  pass  was  given  up 
and  payment  of  the  last  dues  made. 

In  the  third  case  the  boatman  took  a  provisional  receipt  (acquit  ^ 
caution)  containing  all  particulars  required  by  the  control,  the  tonnage, 
nature  of  the  merchandise,  places  of  departure  and  destination,  and  which 
was  controlled  at  all  the  offices  passed  on  the  way  and  delivered  up  at 
the  office  of  destination  where  the  dues  were  paid. 

The  first  and  the  third  cases  especially  occurred  when  boats  transported 
a  complete  cargo  from  one  point  to  another,  and  the  second  when  partial 
loading  or  unloading  was  effected  in  the  course  of  the  journey. 

We  must  add  that  when  any  embarcation  was  effected  in  a  port  where 
no  collecting  office  existed  the  boatman  had  to  provide  himself  with  a 
provisional   pass,   which   he    obtained   at  the  nearest  office ;  he  took  this 


pass  at  the  first  office  he  reached  on  his  journey  and  it  was  further 
regulated  as  explained  above. 

Control  was  exercised  at  the  collecting  offices  by  the  presentation  and 
examination  of  the  pass  or  receipt,  and  at  any  part  of  the  journey  in 
the  same  way ;  these  documents  could  he  inspected  by  any  agent  of  the 
administration  of  indirect  taxes  and  even  by  the  lock-keepers. 

The  general  control  was  administered  in  the  following  way : 

The  pass  or  provisional  receipt  was  taken  out  of  a  register  in  which 
was  retained  a  corresponding  coupon ;  it  might  be  obtained  at  any  office 
and  had  to  be  delivered  up  at  the  office  of  destination,  or  at  one  of  the 
offices  in  the  course  of  the  route,  and  there  attached  to  the  coupon  of 
the  receipt  delivered.  A  clerk  checked  these  documents,  and  comparing 
them  with  their  coupons  made  certain  that  every  delivery  of  a  pass  or 
provisional  receipt  effected  in  one  office  corresponded  to  a  receipt  in 
another. 

It  will  be  seen  that  this  system  was  somewhat  complicated.  There  was 
no  permanent  control  at  the  places  of  departure  and  destination  except 
when  the  loading  or  unloading  took  place  in  a  port  where  there  was  a 
collecting  office. 

In  other  cases  the  only  means  of  guidance  were  the  bill  of  lading  and 
the  declaration  of  the  boatman,  and  these  declarations  were  only  checked 
by  a  roving  control.  It  is  thus  clear  that  transports  effected  between 
two  offices  might  easily  e8cax)e  all  payment  of  dues. 

III.  THE  MIDI  CANAL  AND  THE  GARONNE  LATERAL  CANAL. 

The  Midi  Canal  begins  below  Toulouse,  where  it  communicates  with  the 
Garonne,  and  the  Garonne  Lateral  Canal,  and  finds  its  issue  in  the  lake  of 
Thau.  Its  length  including  the  junction  canal  and  the  outlet  of  Narbonne 
is  279  kilometres.  The  difference  of  water-level  is  regulated  by  65  locks 
on  the  principal  line,  17  of  which  are  on  the  Atlantic  side,  and  48  on  the 
side  of  the  Mediterranean.  The  canal  company  holds  a  perpetual  con- 
cession. This  company  has,  however,  sub-led  the  working  of  the  canal 
for  an  annual  payment  to  the  „Compagnie  des  chemins  de  fer  du  Midi". 

The  Garonne  Lateral  Canal  is  a  continuation  of  the  Midi  Canal ;  its 
length  including  the  Brienne  canal,  the  Montauban  branch,  the  feeding 
canal  at  Agen,  and  the  falls  in  the  Tarn  and  the  Baise  is  213  kilometres. 

It  was  conceded  to  the  „Compagnie  des  chemins  de  fer  du  Midi" 
in  virtue  of  the  law  of  July  25^*^  1852  by  a  decree  of  August  4**>  of 
the  same  year.  A  new  decree  on  August  1**  1857  prolonged  the 
original  concession  in  such  a  manner  that  the  concession  does  not  expire 
before  December  the  31«t  1960. 

The  general  tariffs  of  navigation  dues  on  the  Midi  Canal  are  fixed  per 
ton  per  distance  of  5  kilometres. 


6 

They  comprise  6  articles  relating : 

1*^  to  travellers  divided  into  two  classes. 

2»<*  to  cattle  also  divided  into  two  classes. 

3*^^  to  rafts  comprising  two  classes. 

4**^  to  fish-boxes. 

5^*^  to  empty  boats  divided  into  four  classes. 

6***  to  merchandise  divided  into  five  classes. 

The  table  of  tariflfe  gives  the  complete  nomenclature  of  the  merchandise 
included  in  each  class  which  is  too  long  and  useless  to  enumerate. 

We  will  give  some  idea  of  the  classification  in  naming  the  principal 
objects  of  each  class. 

The  first  class  comprises  articles  of  luxury,  Paris  goods,  cabinet- 
work, Rouen  haberdashery,  fresh  vegetables,  wines  in  hampers  and  in 
bottles,  etc. 

The  second  class  alimentary  and  colonial  wares,  oats,  corn,  maize,  wine 
in  casks,  hardware,  machines,  instruments  used  in  husbandry,  etc.,  etc. 

The  third  class  timber,  railway  sleepers,  manure,  rough  castings,  iron 
rails,  etc. 

The  fourth  class  slates,  tiles,  bricks,  lime,  cement,  hewn  stone,  fire- 
wood, etc. 

The  fifth  class  pit-coal,  mill-stones,  lime  and  sand-stone,  broken  stone, 
sand,  earth  and  fecal  matter,  etc. 

We  will  give  the  tariffs  concerning  merchandise  as  these  are  the  only 
ones  of  real  interest.  They  are  as  follows : 

Feb  TOM  FEB  DZBTAKCK  OV  5  KILOlfnBXS  : 

For  the  In  olass 80  oentlmes. 

fi«3*«iii 26k 

unSnlfi aOn 

n      1     4»H      fl 16        « 

«        n       6'''      n  ...'....  10  r 

It  is  stipulated  that  the  navigation  dues  on  each  distance  of  five  kilo- 
metres  shall   be  paid  in  full  for  every  fraction  of  that  distance  traversed. 

On  the  (raronne  Lateral  Canal  the  general  tariffs  are  per  ton  per 
kilometre.  These  general  tariffs  comprise  seven  articles  relating  to  the 
following  objects: 

The  first  to  travellers  divided  into  two  classes. 

The  second  to  cattle  comprising  four  classes. 

The  third  to  merchandise  divided  into  two  classes. 

The  fourth  to  wood-floats. 

The  fifth  to  fish-boxes. 

The  sixth  to  casks  and  barrels  of  every  capacity  each  one  separately. 

The  seventh  to  empty  boats. 

With  respect  to  merchandise  it  will  be  sufficient  to  say  without  going 
into   details   of  the   nomenclature   that   the  first  class  corresponds  nearly 


to  the  first  three  classes  of  the  Midi  Canal,  and  the  second  to  the  last 
two  of  that  line. 

On  the  Garonne  Lateral  Canal  the  tariffs  are  different  accordingly  as 
the  transport  is  effected  ascending  or  descending. 

For  merchandise  the  tariff  is  as  follows : 


For  merchandise  of  the  Ist  class 

«  «  «       «     2lld       n 


Feb  ton  peb  kilometbe, 


Ascent. 


Descent. 


4  centimes. 
8  o 


8  centimes. 


As  already  said  empty  boats  enjoy  a  special  tariff,  which  is  as  below: 


Empty  boats  of  80  tons  or   more  and  pleasure 

boats 

Empty  boats  of  20  tons  and  less  than  80 
Empty  boats  of  less  than  20  tons 


Midi  Canal. 


Per  distance  of 
6  kilometres. 


50  centimes. 
26 


Oabonne  Latkbal  Canal. 


Per  kilometre. 


Ascending. 


10  centimes. 
6  « 


Descending. 


4  centimes. 

3  n 


On  these  canals  boats  navigating  at  night  pay  at  each  lock  a  supple- 
mentary tax  of  30  centimes  whatever  may  be  their  tonnage  or  in  whichever 
direction  they  may  be  proceeding. 

In  addition  to  these  general  tariffs  there  are  on  these  navigable  ways 
special  tariffs  applying  to  special  kinds  of  merchandise  and  for  fixed 
distances. 

These  special  tariffs  are  16  in  number. 

One  of  them  applies  to  passenger  boats  on  the  canals  and  fixes  a 
subscription  of  fr.  150  per  month  for  one  boat,  and  fir.  75  for  each 
additional  boat  employed  by  the  same  contractor. 

The  others  refer  to  the  transport  of  certain  kinds  of  marchandise  and 
may  be  divided  into  four  categories: 

1®*.  Special  tariffs  conceded  to  certain  kinds  of  merchandise  between 
Cette  and  Bordeaux  in  both  directions,  and  traversing  the  entire  length 
of  the  two  canals.  They  are  10  in  number  and  apply  to  steel,  iron, 
sleepers,  wood,  marble,  salt,  oats,  com,  maize,  hemp,  oil-<3ake,  chemical 
products  etc. 

The  reductions  made  on  the  general  tariff  by  these  means  vary  from 
15  to  60  7o. 

2"<*.  A  special  tariff  for  com,  rye,  maize,  combustibles,  minerals, 
wrought  and  cast-iron  used  in  the  construction  ofrailways,  Norwegian  wood 
going  from  a  foreign  port  on  the  Mediterranean  to  a  foreign  port  on  the  Atlantic. 

This  tariff  is  very  low,  the  reduction  being  as  much  as  80  **/o. 

3^<*.   Special  tariff  to  certain  kinds  of  merchandise  going  from  any  one 
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point  on  the  canals  to  any  other  point.  These  tarifis  are  three  in  num- 
ber, and  apply  to  sorgho-stalks,  anthracite  coal,  mud,  manure,  and 
timber-floats. 

The  reduction  on  the  general  tariff  exceeds  60  ^j^. 

4^^.  Special  tarifi  for  certain  kinds  of  merchandise  between  two  fixed 
points  of  the  canal.  This  tarifl  refers  to  boats  descending  the  Garonne. 
The  reduction  made  is  about  30  ^Z^. 

The  dues  are  collected  by  means  of  21  collecting  oflSces,  but  this  ser- 
vice has  the  assistance  of  all  the  staff  attached  to  the  maintainance  of 
the  canal. 

When  a  boat  commences  its  journey  or  enters  the  canal  it  receives 
from  the  agent,  guard,  lockkeeper  or  watchman  of  the  district,  a  des- 
criptive document  comprehending  all  the  elements  necessary  for  the 
estimation  of  the  amount  of  the  dues,  place  of  departure,  nature 
of  the  merchandise,  immersion  of  the  scales  etc.  This  document  is 
sent  by  the  agent  who  compiles  it  to  the  first  collecting  office  which 
the  bargeman  will  reach  on  his  journey,  the  bargeman  taking  his  own 
copy  with  him. 

He  has  to  produce  this  at  the  first  office  and  receives  there  a  bill  of 
payment  containing  an  account  of  the  dues  which  he  will  have  to  pay  at 
the  place  of  destination.  This  account  is  made  out  according  to  his 
declarations  and  has  to  be  controlled  at  every  collecting  office  which  the 
boat  passes,  as  well  as  at  all  the  locks  and  moveable  bridges.  Every  one 
of  these  agents  has  to  satisfy  himself  that  no  alteration  has  been  made  in 
the  state  of  the  cargo. 

If  in  the  course  of  the  journey  any  supplementary  dues  have  to  be 
levied,  such  for  instance,  as  for  passing  a  lock  at  night,  the  fact  is 
advised  to  the  nearest  collecting  office  by  means  of  a  report  from  the 
agent,  who  has  witnessed  the  operation  and  a  notification  of  the  same  is 
made  on  the  bill  of  payment  at  the  time  of  passing  this  office. 

When  any  partial  unloading  or  loading  is  eflected  in  the  course  of  the 
journey  a  descriptive  report  is  immediately  made  out  by  the  agent  of  the 
district  in  which  it  has  occurred,  and  the  nearest  collecting  office  being 
advised  this  office  notes  the  alteration  on  the  bill  of  payment. 

Such  events  may  either  be  notified  in  a  special  report  or  inscribed  on 
the  bill  of  payment. 

When  the  boat  arrives  at  its  destination  or  leaves  the  canal,  the  nearest 
collecting  office  is  advised  and  on  the  production  of  the  bill  of  payment, 
which  it  now  withdraws,  collects  the  amount  of  the  dues  and  gives  a 
receipt  for  the  same  to  the  bargeman. 

Under  these  conditions  it  seems  that  a  good  control  on  the  journey  is 
assured,  as  no  boatman  can  travel  without  a  document,  which  must 
be  produced  whenever  it  is  demanded,  and  which  is  examined  at  many 
points  on  the  canal.  Between  the  collecting  offices  supervision  is  exercised 


by  the  agents  of  the  administration  who  have  to  control  and  report  all 
moyements  and  all  operations  made. 
A  general  control  is  easily  exercised  in  the  following  manner: 
Each  collecting  office  sends  every  month  to  the  administration,  an 
account  of  the  bills  of  payment  it  has  delivered  and  of  those  it  has  with- 
drawn. By  comparing  these,  two  accounts  from  all  the  offices  the  certainty 
can  be  obtained  that  all  the  dues  have  been  collected. 

The  traffic  on  these  canals  was  in  1892,  465  489  tons,  and  waa  composed 
as  follows:  * 

Midi  Canal,  principal  line 206  726  tons. 

Jnnctlon  Canal  and  Robtne  de  Narbonne    .  63  623     *« 

Garonne  Lateral  Canal       . 203136      n 

The  average  annual  receipts  during  the  last  ten  years  (navigation  dues 
only)  have  been  in  round  numbers  fr.  1  250  000. 

The  annual  expenses  (including  general  expenses)  have  been  during  the 
same  period  in  round  numbers  fr.  1  080  000. 

It  should  be  added  that  on  these  Canals  there  are  other  sources  of 
income,  such  as  those  arising  from  plantations,  letting,  etc.  of  which  the 
annual  amount  during  the  same  period  was  about  fr.  310000. 

IV.  —  CANALS  BELONGINe  TO  THE  CITY  OF  PARIS. 

The  canals  of  the  city  of  Paris  are  three  in  number,  viz. : 

The  St.  Denis  Canal, 

The  St.  Martin  Canal  and 

The  Ourcq  Canal. 

They  were  remitted  by  a  perpetual  concession  to  the  city  of  Paris  by 
the  law  of  the  29*^*^  Flor6al  of  the  year  X,  and  a  decree  of  September 
4**^  1807.  The  town  again  conceded  them,  but  bought  them  back  in  1861 
and  1876.  They  are  at  the  present  day  administered  directly  by  the  city 
of  Paris. 

The  St.  Denis  and  the  St.  Martin  Canals  form  the  two  branches  of  a 
canal  crossing  a  watershed  and  running  from  the  Seine  (St.  Denis)  to  the 
Seine  (below  the  Pont  d'Austerlitz).  The  separating  reach  is  formed  by  the 
basin  of  la  Villette.  Each  of  the  two  branches  has  retained  its  special 
denomination.  Their  principal  object  is  to  allow  boats  coming  on  the  one 
side  from  the  lower  Seine  and  on  the  other  from  the  upper  Seine  access 
to  the  basin  of  la  Villette  and  the  intermediate  ports. 

Their  tariffs  are  not  exactly  the  same  and  boats  using  the  St.  Denis 
canal  are  allowed  to  be  of  larger  dimensions  than  those  navigating  la 
St.  Martin  canal. 

The'  St.  Denis  canal  from  the  Seine  (St.  Denis)  to  the  basin  of  the 
Vilette   has  a  length  of  6  647  km. ;  the  incline  was  formerly  regulated  by 

H.  BXRAUD.  1* 
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12  locks.  At  the  present  day  this  canal  is  so  altered  that  it  has  not  more 
than  7  locks. 

The  St.  Martin  canal  starting  from  the  Seine  below  the  Pont 
d'Austerlitz  to  the  basin  of  la  Villette  has  a  length  of  4  533  km.  and 
the  incline  is  regulated  by  9  locks. 

The  Ourcq  canal  is  an  alimentary  canal.  Starting  from  la  Fert6-Milon 
it  issues  in  the  basin  of  la  Villette  after  a  course  of  107.9  km.  It 
brings  to  this  basin  water  for  the  supply  of  the  St.  Denis  and  the  St. 
Martin  canals,  and  at  the  same  time  water  for  the^public  service  of  the 
town.  The  total  incline  of  this  canal  is  15.35  m.,  which  is  regulated  by  the 
incline  of  the  reaches,  as  well  as  by  10  locks.  It  is  only  used  by  a 
particular  class  of  boats,  called  flUtes  cC  Ourcq  which  are  3  metres  wide 
and  28  metres  long. 

On  the  St.  Denis  and  St  Martin  canals  the  general  tariffs  are  fixed  per 
ton  per  lock.  The  lock  taken  as  the  basis  of  the  lock  tariff  is  the 
old  lock,  that  is  to  say  that,  although  in  consequence  of  the  alteration 
of  the  St.  Denis  canal  two  or  four  locks  have  been  replaced  by  one,  the 
boat  pays  for  this  one  lock  as  much  as  formerly  had  to  be  paid  for  the 
two  or  four  old  locks. 

On  the  St.  Denis  canal  merchandise  is  divided  into  five  classes. 

The  first  class  includes  sugar,  molasses,  timber,  flour,  wheat,  com,  fruit, 
metals,  groceries  and  all  merchandise  not  named  in  the  other  classes. 

The  2°^  class  tiles,  bricks,  lime,  cement,  pottery  and  charcoal. 

The  3^*  class  building  materials  and  combustibles. 

The  4*^»  class  straw,  fodder,  earth  and  manure. 

The  5*^  class  water. 

The  tariffs  per  class  are  as  follows : 

Pkb  ton  fbb  lock. 

l*t  class 7  oentimes. 

2-d 61. 

3«i     •  6       « 

4(i>     i>  4       t) 

Bfh       n  2  t) 

On  the  St.  Martin  canal  merchandise  is  likewise  divided  into  five  classes. 
The  1^^  class  includes  wines,  spirits,  and  all  liquids. 
The  2°^  class  groceries,  flour,  wheat,  com,   fruit,   combustibles,  timber, 
wood-work,  quick-lime,  slates,  tiles,  etc. 
The  S'^  class  fire-wood,  hewn  stone,  sandstone,  flagstones  and  mill-stones. 
The  4*^  class  turf,  old  iron,  rough  castings,  plaster-stone  and  lime-stone. 
The  5*^  class  water,  earth,  rubbish,  etc. 
The  tariffs  per  class  are  as  follows : 

Pen  ton  psb  lock. 

Ill  Class 20    centimes. 

2^     m 10 

8'«i     • T>i        ^ 

4tk     , 6  n 

6<1>      n 8  » 
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On  the  Ourcq  canal  the  general  tarififs  are  per  ton  per  distance 
of  five  kilometres. 

For  the  collection  of  the  rates  there  are  six  classes  of  merchandise. 

The  first  comprises  charcoal  and  dried  night-soil. 

The  second  cement,  water,  dung,  nightHBoil,  sugar,  molasses,  liquids 
and  generally  all  merchandise  not  named  in  the  other  classes. 

The  3^*  class  sawdust. 

The  4**»  class  carbonised  turf,  hewn  «tone,  beet-root  and  pulp. 

The  6**^  class  turf,  turf-dust,  charcoal,  paving-stones,  straw,  hay,  lucern, 
com,  flour,  bran,  oflfal  and  salt. 

The  6^^  class  coal  and  coke. 

The  prices  are  different  accordingly  as  the  transport  is  efiected  ascend- 
ing or  descending. 

They  are  as  follows: 

PKB  ton  PKB  DI8TANCX  OF  5  EII.01CSTREK. 


descending. 

1«  Class   .       .       .      , 

10  centimes. 

2"<l       n           ... 

6 

* 

8"!       *.        -        .       . 

6 

i> 

4«»i      1.       .       .       . 

4 

m 

6t^         T>          .           .           • 

8 

« 

6«ta      t.       .       .       . 

2 

t) 

ascending. 


4  centimes. 


Empty  boats  are  exempt  from  all  dues  on  the  Ourcq  canal;  on  the 
St  Denis  and  St.  Martin  canals  they  only  pay  when  they  have  not 
traversed  or  are  not  about  to  traverse  the  canal  with  cargo,  that  is  to 
say  that  an  empty  boat  having  discharged  on  one  of  the  canals,  or  about 
to  load  there  is  allowed  freedom  from  dues  in  going  or  returning  for  the 
same  number  of  locks  as  it  passed  or  will  pass  when  loaded. 

Empty  boats  are  subjected  to  the  following  tariffs : 


Pbb  lock. 


8*  Denis.       S*  Martin 


Per  boat  ganging  200  tons  or  more       .       .       .       .  f  8.76 

160  to  199  tons «  8.00 

100   •    149     *i «  2.26 

less  than  100    i i.  1.60 
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f  6.00 
»  4.00 
«  3.00 
n  2.00 


On  the  canals  of  the  town  all  boats  whatever  may  be  their  tonnage 
and  their  cargo  pay  a  supplementary  due  of  50  centimes  for  each  lock  or 

bridge  passed  at  night. 

Special  tariffs  are  very  numerous  on  these  canals  and  in  reckoning 
navigation  dues  they  are  applied  more  frequently  than  the  general  tariffs. 
It  would  be  long  and  useless  to  quote  them,  so  we  will  confine  ourselves 
to  pointing  out  their  principles  and  to  indicating  the  seven  categories  in 
which  they  may  be  arranged : 

ist  Cat^ory.  —  Special  tariffs  for  merchandise  of  all  kinds  coming  from 
some  fixed  point  to  any  destination  on  the  canal. 
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The  most  important  of  these  tariflfB  is  in  force  on  the  St.  Denis  canal 
and  applies  to  merchandise  coming  from  Rouen.  It  is  a  fixed  rate  of  50 
centimes  per  ton,  which  is  equal  to  a  reduction  of  26  %  on  the  general 
tariff. 

2^^  Category.  —  Special  tariffs  for  certain  kinds  of  merchandise  coming 
from  some  particular  place  to  any  point  on  the  canal. 

We  would  point  out,  as  coming  under  this  category,  a  special  tariff  on 
the  St.  Denis  canal  for  merchandise  from  the  Oise,  and  destined  for  any 
place  on  the  canal,  provided  it  does  not  consist  of  hewn  stone,  building 
materials,  coal,  wood  or  carbonised  turf. 

On  the  Ourcq  canal  special  tariffs  made  by  contract  or  per  ton  per  distance 
of  5  kilometres  for  rough  stones,  bricks,  hewn  stones,  tiles,  lime,  plaster  and 
wood,  special  tariffs  which  are  fixed  according  to  the  point  of  embarcation  of 
these  goods,  and  solely  for  the  descent.  A  certain  number  of  these  tariffs,  and 
especially  those  relating  to  rough  stones,  lime  and  plaster  are  zone  tariffs. 

3'd  Category.  —  Special  tariffs  for  certain  kinds  of  merchandise  going 
from  one  fixed  point  to  another. 

In  this  category  we  find: 

On  the  St.  Denis  canal  a  special  tariff  of  20  centimes  per  ton  -for 
boats  carrying  sugar  from  Villenoy  (Ourcq)  and  destined  for  the  stations 
of  AuberviUiers  and  Flanders.  The  reduction  on  the  general  tariff 
is  36  0/^. 

A  special  tariff  in  exactly  the  same  conditions  is  applied  on  the  Ourcq 
canal. 

On  the  St.  Martin  canal  there  is  a  special  rate  for  boats  loaded  with 
bricks,  tiles  or  slates  coming  from  the  lower  Seine,  and  bound  for  la 
Villette.   This  special  rate  is  based   on  the  superficial  area  of  the  boat. 

4*^  Category.  —  Special  tariflb  for  certain  kinds  of  merchandise  travers- 
ing a  certain  minimum  distance  on  the  canal. 

Under  this  category  there  is  on  the  St.  Martin  canal  a  special  tariff  of 
fr.  1.00  for  wines,  spirits  and  other  liquids  passing  through  at  least  six 
locks.  The  reduction  is  sometimes  as  much  as  20  ^/q  on  the  general  tariff. 

5*^  Category.  —  Special  tariffs  for  merchandise  traversing  the  entire 
canal  without  discharging. 

These  tariffs  are  very  complicated,  as  they  depend  on  the  origin  and 
destination  of  the  merchandise. 

For  instance,  on  the  St.  Denis  canal  boats  passing  from  the  lower  Seine 
to  the  upper  Seine  with  their  entire  cargo  pay  20  centimes  per  ton,  that 
is,  they  enjoy  a  reduction  which  may  reach  as  much  als  75  ^/q  on  the 
general  tariff. 

On  the  St.  Martin  canal  boats  passing  from  the  upper  Seine  to  the 
lower  Seine  pay  as  if  empty. 

6*^  Category.  —  Special  tariffs  for  return  cargoes  when  the  boats  have 
already  traversed  the  canal  loaded. 
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On  the  St.  Denis  canal  boats  coming  from  the  lower  Seine,  and  destined 
for  the  basin  of  la  Villette,  or  for  the  St.  Martin  canal  are  free  of  all  dues 
for  return  cargoes. 

On  the  St.  Martin  canal  the  same  rule  applies  to  boats  having  passed 
at  lea^t  six  locks  on  this  canal. 

In  addition  to  navigation  dues  proper  on  the  Denis  and  St.  Martin 
canals  harbour  and  wharf  dues  are  levied. 

These  dues  are  rather  complicated,  and  we  do  not  consider  that  the 
study  of  them  comes  within  the  scope  of  this  report. 

We  must  add  that  by  a  prefectoral  decree  of  January  24**>  1881 
all  navigation  dues  on  the  canals  of  the  city  of  Paris  were  reduced  by 
one  fifth;  the  dues  now  levied  are  thus  only  four  fifths  of  those  given  above. 

On  these  canals  the  only  collecting  office  is  at  la  Villette.  There  is 
however  an  auxiliary  office  for  the  purpose  of  receiving  only  on  the  Ourcq 
canal.  The  mode  of  collection  in  practice  on  the  st.  Denis  and  St.  Martin 
canals  is  somewhat  different  to  that  on  the  Ourcq  canal. 

On  entering  the  St.  Denis  and  St.  Martin  canals  at  the  locks  on  the 
Seine  each  boat  receives  a  pass.  This  pass  contains  all  the  information 
necessary  for  the  application  of  the  tariffs:  the  starting  place  of  the  boat, 
natureofihecargo,  immersion  of  the  scales,  and  the  destination  of  the  mer- 
chandise according  to  the  bargeman's  declaration.  This  document  is  examined 
at  all  the  locks  and  moveable  bridges  passed  by  the  boat,  and  the  immer- 
sion of  the  scales  and  the  nature  ofthe  merchandise  is  checked.  If,  however, 
the  boat  effects  a  partial  or  total  loading  or  unloading  the  fact  is  noted 
on  the  pass  by  the  agent  of  the  district  in  which  it  takes  place, .  together 
with  the  name  of  the  place  and  the  dates  of  the  commencement  and 
finishing  of  the  operation.  When  a  boat  has  discharged  or  taken  in  its 
cargo  and  is  ready  to  leave  the  canals,  it  has  to  make  application  at 
the  collecting  office  at  la  Villette,  and  state  by  which  route  it  is  desired 
to  depart.  It  has  to  produce  at  the  same  time  its  bill  of  lading,  its  pass 
and  its  certificate.  The  account  of  the  dues  is  inmediately  made  out, 
the  bargeman  pays  the  account,  and  obtains  a  receipt  for  it.  The  pass  is 
then  stamped  to  show  that  it  has  been  seen,  and  permission  given  to 
depart  up  to  a  certain  date  and  by  way  of  a  certain  canal.  Provided  with 
this  document  he  can  leave  the  canal;  it  is,  however  examined,  under  the 
same  conditions  as  on  arrival  at  the  departure  locks,  and  if  the  exit  is 
not  efiected  according  to  the  conditions  noted  on  the  pass,  supplementary 
dues  are  charged,  which  have  to  be  paid  before  the  boat  definitely  quits 
the  canal. 

The  passes  are  delivered  up  at  the  last  locks,  and  sent  back  by  the  col- 
lecting office  at  lA  Villette,  where  they  are  again  controlled. 

On  the  Ourcq  canal  the  mode  of  collection  is  nearly  the  same,  the  same 
pass  is  used,  the  same  details  and  the  same  indications  are  noted  on  it, 
the  only  differences  being  the  following: 
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The  passes  are  delivered  on  the  ascending  journey,  and  serve  for  this 
as  weU  as  for  the  descending  journey. 

The  pass  is  always  withdrq,wn  as  soon  as  the  descent  is  completed.  If 
the  boat  descends  as  far  as  the  inside  of  the  fortifications  of  Paris  the 
system  applied  is  absolutely  the  same  as  described  above. 

In  the  contrary  case  the  pass  is  withdrawn  and  is  sent  by  the  district 
agents  to  the  collecting  office  at  la  Villette,  which  makes  out  the  account 
and  requests  payment  from  the  owner  to  be  made  either  at  that  office  or 
at  the  auxiliary  ofdce  on  the  Ourcq  canal.  This  system  is  possible,  because 
the  boats  in  question  do  not  leave  the  waters  of  the  Ourcq  and  conse- 
quently cannot  escape  payment  of  the  dues. 

It  will  be  seen  that  the  control  on  the  route  is  assured  by  the  exami- 
nation made  at  the  locks  and  moveable  bridges,  as  also  by  the  obligation 
of  presenting  the  pass  at  any  point,  whenever  it  is  demanded  by  an  agent. 

A  general  control  is  exercised  by  the  return  of  the  pass  to  the  collec- 
ting office  as  soon  as  the  boat  has  left  the  canal  or  completed  its  journey, 
as  well  as  by  the  keeping  at  the  locks  of  a  record  of  the  passages  made, 
and  on  the  Ourcq  canal  of  a  record  of  the  unloadings  and  loadings  effected 
each  week  in  the  different  parts  of  the  canal.  By  comparison  made  between 
these  records  and  the  passes  assurance  is  obtained  that  no  dues  have 
escaped  collection. 

The  general  tonnage  on  the  canals  of  the  town  in  the  year  1892  was 
3  509  358  tons,  composed  as  follows : 

Onrcq      Canal 743  922  tons. 

St  Denis      « 1686  629      «> 

St.  Martin 1078807      « 

The  average  annual  receipts  calculated  on  the  last  ten  years  amount  to: 
For   navigation  dues   proper  in  round  figures  817  000  francs  distributed 
as  follows : 

Onrcq    Canal 126000  francs. 

St.  Denis    r>  430  000        « 

St.  Martin  ^  261000       « 

To  this  must  be  added  various  other  profits  which  during  the  same 
period  have  amounted  annually  to  about  265  000  francs,  thus  bringing 
the  total  receipts  up  to  1  082  000  francs. 

The  annual  cost  of  maintainance,  not  including  general  expenses, 
amounted  to  440000  francs. 

During  this  last  period  of  t^n  years  the  amount  expended  by  the  city 
of  Paris  for  repairs  and  improvements  on  the  St.  Denis  canal  and  on  the 
basin  of  la  Villette  was  about  sixteen  millions  of  francs. 
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V.  —  CANAL  FROM  THE  8AMBRE  TO  THE  OISE. 

The  junction  canal  between  the  Sambre  and  the  Oise  begins  at  Land- 
recies  and  terminates  at  La  F^re.  It  unites  the  basin  of  the  Meuse  with 
that  of  the  Seine.  Its  length  is  71  kilometres  and  it  is  divided  into  reaches. 
It  has  38  locks  of  which  3  are  on  the  side  of  the  Sambre  and  85  on  that 
of  the  Oise. 

It  is  handed  over  to  and  administered  by  a  pHvate  company. 

The  general  tariffs  are  per  ton  per  distance  of  five  kilometres. 

Merchandise  is  divided  into  six  classes  and  we  are  about  to  show  the 
principal  constituents  of  each  of  them : 

1«*  class.  —  Charcoal,  petroleum  and  all  objects  not  named  in  the  other 
classes. 

2"**  class.  —  Com,  flour,  hay,  fruit,  pit-coal,  sugar,  molasses,  etc. 

S^^  class.  —  Lime,  cement,  hewn  stones  and  flagstones,  wood  of  all 
kinds,  lead,  zinc  etc. 

4***  class.  —  Bricks,  rough  stones,  iron  bars,  rails  etc. 

5th  class.  —  Coke,  chalk,  coal-cinders,  sulphates  etc. 

6^  class.  —  Tar  and  pitch,  old  iron,  old  castings,  plaster,  manure, 
earth  etc. 

The  tarifis  are  the  same  for  both  directions  and  are  as  follows : 

PKB  ton  PXB  distance  of  6  KILOMBTBS8. 

lit  class ao  centimes. 

and       « 16  1. 

3rd       • 10  1. 

4tli        « 8  n 

»li        » 6  i> 

8»>>       • 6  « 

Empty  boats  whatever  may  be  their  size  pay  a  fixed  due  of  2  francs 
per  distance  of  5  kilometres. 

No  supplementary  dues  are  levied  for  navigation  at  night. 

Special  tariffs  only  exist  for  wood-floats,  for  which  every  tree  of  an 
average  circumference  of  one  metre  or  more  pays  20  centimes  per  distance 
of  five  kilometres,  while  those  of  a  lesser  circumference  pay  10  centimes. 

Floats  of  fire-wood  pj^y  10  centimes  per  metre  in  length. 

We  may  add  that  the  Company  agrees  in  certain  cases  on  the  autho- 
rity of  the  Administrative  Council  to  reductions  on  the  general  tariffs, 
and  further,  takes  upon  itself  the  gratuitous  towage  of  empty  or  loaded 
boats  in  accordance  with  the  above  rates. 

There  are  also  on  this  canal,  as  on  the  St.  Denis  and  St.  Martin  canals, 
harbour  dues. 

The  collection  of  the  navigation  dues  is  effected  by  four  offices,  estab- 
lished one  at  each  end  of  the  canal,  and  two  others  in  the  course  of 
the  route. 
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Payment  of  the  dues  is  made  in  advance  and  alterations  made  in  the 
course  of  the  journey  are  regulated  hy  supplementary  payments  or 
allowances. 

When  a  boat  enters  the  canal  the  boatman  makes  his  declaration  at 
the  receiving  office.  The  collector  gauges  the  boat,  makes  out  an  account 
of  the  dues,  and  receives  the  amount  of  the  same ;  hands  to  the  boatman  a 
receipted  pass,  together  with  a  control  ticket. 

These  documents  contain  all  particulars  required  for  the  control  on  the 
route,  such  as  place  of  starting,  destination,  nature  of  cargo  and  immer- 
sion of  scales. 

If  the  boat  traverses  the  entire  length  it  delivers  up  to  the  receiving 
office  when  leaving  the  canal  the  control  ticket,  keeping  the  pass,  which 
serves  as  a  receipt. 

If,  on  the  contrary,  the  destination  is  within  the  limits  of  the  canal  he 
delivers  up  the  control  ticket  to  the  nearest  agent  before  any  loading  or 
unloading  is  effected. 

If  a  boat  commences  its  journey  within  the  limits  of  the  canal,  it  must 
in  the  first  place  be  provided  with  a  similar  pass.  For  this  purpose  the 
tonnage  and  nature  of  the  cargo  are  controlled  by  the  nearest  agent,  and 
he  reports  the  particulars  to  the  nearest  receiving  office.  When  the 
boatman  reaches  this  office  he  receives  his  pass  with  the  particulars 
noted  on  it. 

Control  on  the  route  is  administered  by  the  lock  and  bridge  keepers 
examining  and  certifying  the  pass,  and  by  all  the  agents  of  the  canal 
who  may  demand  its  production  at  any  point  of  the  way.  At  the  passing 
of  the  boat  each  of  these  agents  has  to  compare  the  nature  of  the  mer- 
chandise and  the  draft  with  the  indications  given  on  the  pass.  The 
agent  who  receives  in  the  last  instance  the  control  ticket  compares  the 
indications  given  on  the  pass  with  the  cargo.  The  locks  are  very  close 
together  and  the  interior  traffic  somewhat  limited,  the  control  is  therefore 
comparatively  easy. 

General  control  is  effected  by  verifying  the  entries  and  the  calculations 
of  the  receivers  and  comparing  the  sums  collected  with  the  control  tickets 
handed  in  by  the  bargeman. 

In  1892  the  tonnage  on  this  Canal  amounted  to,  849  751  tons. 

The  average  of  the  annual  receipts  for  navigation  daes  proper  daring 

the  last  ten  years  "was  in  round  numbers 843  000  francs^ 

For  other  profits  (letting,  trees,  grass  etc.) 26000       n 


Total  .    869  000  francs. 


The  cost  of  maintainance  and  administration  including  general  expenses 
averaged  during  the  same  period  482000  francs. 
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VI.  —  CANAL  FROM  ST.  DIZIER  TO  VAS8Y. 

The  canal  from  St.  Dizier  to  Vassy  is  a  branch  of  the  Haute  Marne 
canal  and  its  length  is  23  kilometres.  It  begins  at  Brousseval,  and  extends 
to  Hoericourt,  where  it  joins  the  principal  line.  Its  incline  is  regulated 
by  8  locks.  It  was  conceded  to  M.  Fe8togiJ:r,  who  by  a  later  decree 
handed  it  over  to  ,Jja  soci6t6  des  Forges  de  Champagne". 

The  general  tariff  are  per  ton  per  kilometre  and  merchandise  is 
divided  into  four  classes,  viz. 

l^^  class.  —  Iron  ore,  stone  and  sand. 

2°^     „      —  Pit-coal  and  coke. 

3"*      „     —  Wood,  cast-iron  and  rough  iron.    ^ 

4**»      „      —  Merchandise  not  mentioned  above. 

The  tariffs  are  the  same  for  ascending  or  descending  and  are  to  follows : 

PXB   TON  FEB  KCLOMETKB. 

let  Glass 3J>i  centimes. 

2nd      It  4  « 

Srd      •  .........       .5  « 

4th      «>  6  « 

Empty  boats  whether  ascending  or  descending  and  whatever  be  their 
gauge  pay  50  centimes  per  kilometre. 

No  supplementary  dues  are  charged  for  navigation  at  night,  which  as 
a  matter  of  tact  never  occurs. 

There  are  no  special  tarififs. 

CoUection  is  effected  in  a  very  simple  manner,  as  there  is  no  interior 
traffic  on  the  canal.  There  is  only  one  collecting  office  which  is  situated 
in  the  lock  at  the  junction  with  the  Haute  Marne  Canal. 

When  an  ascending  boat  enters  the  canal  the  bargeman  makes  his  declara- 
tion and  produces  his  bill  of  lading  to  the  collecting  lock-keeper,  who 
makes  out  an  account  of  the  dues,  receives  the  amount,  and  taking  a 
receipt  from  a  register,  delivers  it  to  the  bargeman  to  whom  it  serves  as 
a  pass. 

This  pass  has  to  be  shown  whenever  it  is  required  by  any  agent,  and 
to  the  look-keepers  who  enter  in  a  register  kept  for  the  purpose  the  pas- 
sage of  the  boat,  its  starting  place,  destination  and  tonnage. 

On  the  descent  the  first  lock-keeper  below  the  point  of  departure 
delivers  to  the  bargeman  a  ticket,  whereon  is  stated  the  place  of  origin, 
the  destination  and  the  tonnage.  This  ticket  is  controlled  on  the  descent 
by  every  lock-keeper  on  the  route;  he  marks  on  it  the  hour  at  which 
his  lock  was  passed  and  enters  the  fact  in  a  register. 

On  leaving  the  canal  this  ticket  is  delivered  up  to  the  collecting  lock- 
keeper,  who  collects  and  gives  a  receipt  for  the  dues.  In  certain  cases  this 
ticket  may  serve  to  rectify  the  account  of  the  dues  collected  on  the 
ascent,  when  the  place  of  destination  is  not  the  same  as  was  indicated  at 
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the  time  of  ascending.  The  control  on  the  route  is  eflTected  by  the  lock- 
keepers  at  the  passing  of  the  boat^  and  is  further  assured  by  an  inspector, 
and  the  Director  of  the  Administration,  who  on  their  periodical  visits 
easily  see  that  no  boat  has  been  omitted,  that  the  destinations  and 
starting  places  have  been  properly  noted  and  the  dues  regularly  paid. 

The  general  control  is  effected  by  comparing  the  account  of  receipts  of 
the  collecting  lock-keeper  with  extracts  from  the  passager  books  kept  by 
the  other  lock-keepers. 

The  administration  of  this  canal  is  most  simple,  and  in  accordance 
with  the  insignifiance  of  and  the  lack  of  variation  in  the  tonnage. 

In  1892  the  tonnage  amounted  to  182  676  tons. 

The  average  annual  receipts  for  navigation  dues  proper  during 

the  last  ten  years  were 107  000  francs. 

for  divers  other  receipts 9000       *• 


Total  .       .  116000  francs- 

The  average  of  the  annual  expenses  during  the  same  period  including 
general  expenses  was  24000  francs. 

VII.    SUMMARY  AND  CONCLUSIONS. 

From  the  above  study  of  the  system  of  tolls  levied  on  navigable  ways 
in  France  the  following  general  conclusions  appear  to  arise. 

On  nearly  all  the  navigable  ways  the  general  tariffs  are  calculated  per 
ton  and  according  to  the  distance  traversed.  The  unit  of  distance  is  gene- 
rally the  kilometre,  although  on  some  canals  it  is  five  kilometres.  On  the 
St.  Denis  and  the  St.  Martin  canals,  which  are  of  short  length  and  have 
many  locks,  the  general  tariffs  are,  however,  fixed  per  ton  per  lock. 

Merchandise  is  divided  into  a  certain  number  of  classes  and  most  fre- 
guently  in  accordance  with  its  value.  The  number  of  classes  varies  on 
the  different  ways  from  2  to  6. 

The  rate  of  tolls  varies  according  to  the  navigable  way,  and  to  the 
class  in  which  the  merchandise  is  comprised.  It  is  generally  lower  in 
proportion  as  the  merchandise  is  less  valuable.  On  ways  where  the  tariff 
is  fixed  per  ton  per  kilometre  the  toll  varies  from  2  to  6  centimes, 
on  those  where  it  is  fixed  per  ton  per  distance  of  6  kilometres  it  has 
a  minimum  of  2  and  a  maximum  of  30  centimes;  and  on  those  where 
the  toll  is  levied  per  ton  per  lock  the  rate  varies  from  2  to  20 
centimes. 

On  the  principal  navigable  ways  still  subject  to  toll  there  are  in  addi- 
tion to  the  general  tariffs,  special  tariff  applicable  to  certain  kinds  of 
merchandise  of  a  fixed  origin  or  destination.  On  these  ways  these  special 
tariffs  are  of  more  frequent  application  than  the  general  tariffs,  and  allow 
of  reductions  varying  from  15  to  80  ^/q  on  the  general  tariffs. 

They    appear    in    the    form    of  special   reduced   tariffs   per   ton   per 
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distance  traversed,  also  in  the  form  of  a  special  rate  for  a  certain  distance 
or  for  the  entire  traverse  of  the  caiial,  and  again  in  the  form  of  a  tariff 
per  zone. 

Empty  boats  are  either  exempt  from  toll  (in  a  general  way  or  under 
particular  conditions)  or  are  allowed  reduced  rates. 

No  special  dues  are  collected  for  the  manoeuvring  of  locks,  weirs  or 
bridges.* 

It  is  only  for  the  passage  of  locks  and  moveable  bridges  at  night  on 
the  Midi  Canal  and  the  canals  belonging  to  the  city  of  Paris  that  special 
dues  are  charged,  which  are  fixed  and  independent  of  the  tonnage  of 
the  boats.  ^ 

The  collection  of  dues  is  facilitated  by  the  system  of  gauging  applied 
to  every  boat  travelling  on  the  navigable  ways  in  France,  the  certificate 
with  which  it  has  to  be  provided  and  the  scales  on  the  hull. 

The  calculation  and  the  collection  of  the  dues  are  effected  in  a  certain 
number  of  offices,  generally  established  at  each  extremity  of  the  way,  and 
at  the  principal  points  on  the  route;  the  work  is  aided  by  the  co-opera- 
tion of  all  the  agents  of  the  maintenance  and  the  administration  on  the 
canal. 

Every  boat  travelling  on  a  navigable  way,  on  which  tolls  are  levied  is 
supplied  with  a  document  without  which  it  is  not  allowed  to  travel.  This 
document,  which  constitutes  a  pass  for  the  boat,  may  be  compiled  in 
various  forms.  If  the  dues  are  paid  in  advance  it  -is  a  receipt  pass ;  if  the 
dues  are  not  collected  until  the  course  is  effected,  it  is  a  bill  of  lading 
which  on  certain  ways  indicates  the  amounts  which  the  bargeman  will 
have  to  pay. 

This  pass  is  for  a  single  journey  and  takes  effect  as  soon  as  the  boat 
enters  the  canal,  or  commences  a  journey  upon  it.  It  is  delivered  by 
the  agent  of  the  district  in  which  the  boat  is,  or  at  the  first  collecting 
office  on  the  route.  In  this  latter  case  the  boat  is  supplied  by  the  first 
agent  with  a  provisional  document,  which  takes  the  place  of  the  pass 
until  the  nearest  collecting  office  is  reached. 

This  pass  contains  all  information  necessary  for  the  collection  of  the 
dues,  such  as  the  origin  and  destination,  nature  of  merchandise  and  immer- 
sion of  scales. 

Any  alteration  of  the  particulars  indicated  is  noted  by  the  agent  of  the 
district,  in  wich  the  alteration  takes  place,  and  the  resulting  change  in 
the  calculation  of  the  dues  to  be  paid  is  made  at  the  nearest  collecting 
office.  If  the  dues  have  been  paid  in  advance  the  difference  is  here  col- 
lected or  returned ;  if  the  pass  indicates  the  sum  due  a  modification  is 
made  in  the  account;  and  if  the  account  is  to  be  made  at  the  end  of 
the  journey  the  alteration  is  simply  noted  on  the  pass. 

When  a  boat  leaves  the  canal  or  reaches  its  destination  it  delivei-s  up 
its  pass  to  the  nearest  agent. 
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When  the  pass  is  receipted,  the  receipt  is  held  by  the  bargeman,  but 
a  part  of  the  pass  has  to  be  given  up. 

The  obligation  laid  on  thebargemanof  having  this  document  always  with 
him  allows  of  control  on  the  route.  The  pass  is  examined  und  stamped 
at  every  receiving  oflSlce  and  at  every  lock  and  moveable  bridge  passed. 
The  agents  charged  with  this  duty  note  in  the  pass  the  time  of  passing, 
and  the  depth  as  shown  by  the  scales. 

This  document  must  be  produced  on  the  demand  of  any  agent  in  the 
course  of  the  route. 

No  boat  can  load  on  the  canal  and  commence  a  journey  without  being 
provided  with  this  document,  nor  can  it  discharge  cargo  without  first  deli- 
vering up  this  document  to  the  agent  of  the  district  in  which  the  operation 
takes  place.  The  agent  has  then  to  satisfy  himself  that  the  boat  is  in  the 
condition  indicated  in  the  pass.  No  partial  loading  or  unloading  is  per- 
mitted until  the  agent  of  the  district  in  which  the  operation  takes  places 
has  properly  modified  the  pass,  or  forwarded  a  report  of  the  alteration 
to  the  nearest  receiving  office  in  order  that  the  modification  may  be 
made  there. 

The  general  control  is  efiected  by  the  verification  of  the  accounts  in 
the  receiving  offices;  as  well  by  comparing  the  sums  received  and  the 
receipts  delivered  at  the  offices  with  the  passes,  or  portions  of  passes 
delivered  up  by  the  bargemen  to  the  agents,  and  which  have  been  returned 
to  the  same  office,  or  to. the  central  office. 

(Translated  by  G.  J.  Rowland.) 
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BY 
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INTRODUCTION. 

On  account  of  the  difficulty  and  the  complication  of  the  subject,  it  is 
almost  impossible  in  this  report  to  treat  in  its  entirety  the  question  of 
Tolls  on  Navigable  Ways;  we  will  therefore  conBne  ourselves  to  searching 
out  the  rational  basis  of  a  tariff  of  tolls  on  a  system  of  canals  of  large 
extent,  administered  by  the  owners  (State,  Province,  Commune,  Syndicate 
or  concessionary  company)  who  do  not  undertake  themselves  the  working 
of  the  trafBc,  but  merely  the  construction  and  maintainance  of  the  water- 
way and  of  the  working  of  bridges,  locks,  tolls  etc. 

We  will  leave  on  one  side  also  the  subject  of  harbour  and  quay  dues,  as 
well  as  that  of  tolls  paid  for  the  use  ofplant  for  loading,  unloading,  towage 
etc.  and  consider  solely  the  question  of  navigation  dues  in  its  proper 
sense  and  of  tolls  for  the  working  of  bridges  and  locks. 

Tarlffil  of  tolls. 

The  six  reports  on  tolls  presented  at  the  Paris  Congress  contain 
important  information  concerning  rates  of  navigation  dues  in  use  in  the 
authors'  own  countries,  namely,  France,  England,  Germany,  Russia  and 
the  Netherlands.  With  regard  to  Belgium  very  complete  information  is 
given  in  the  „R&glement  de  Police  sur  les  Voies  Navigables"  as  it  appears 
in  the  „Moniteur  Beige"  of  May  29^^  1889,  N^.  149. 

Particulars  are  likewise  furnished  respecting  navigation  dues  on  the 
German  canals,  those  completed  as  well  as  those  in  course  of  construc- 
tion and  those  projected,  in  the  communications  of  the  „Central  Verein 
fiir  Hebung  der  deutschen  Pluss-  und  Kanalschifffahrt."  Lastly  a  report 
to  the  Administration  of  the  Danube  Steamship  Company  by  the  Vienna 


engineer  J.  Deutsch,  a  delegate  to  the  Paris  Congress,  contains  informa- 
tion as  to  the  tariffs  in  force  on  the  Danube  and  on  the  Franzens  Canal 
in  Hungary. 

In  order  to  compare  these  tariffs,  it  is  necessary  to  calculate  the  tolls 
paid  at  the  kilometric  ton  rate  (except  in  cases  where  this  rate  already 
forms  the  basis  of  the  tariff)  and  this  calculation  is  not  without  some 
difficulty.  IS  an  approximate  calculation  may  be  made  with  com- 
parative ease  for  the  tariffs  of  the  Netherlands,  where  the  tolls  are 
mostly  reckoned  by  cubic  metre  per  lock,  it  is  not  practicable  to 
do  this  with  the  Russian  and  AustrorHungarian  rates. 

In  Russia  the  rates  are  calculated  at  a  percentage  on  the  value  of  the 
merchandise  carried,  without  any  reference  to  the  length  of  the  waterway 
traversed.  On  the  Danube  the  dues  have  rather  a  fiscal  character,  being 
calculated  at  a  percentage  on  the  gross  freight  receipts.  Finally  on  the 
Franzens  Canal  the  rates  are  fixed  in  proportion  to  the  tonnage  of  the 
vessel  and  the  duration  of  the  voyage. 

The  tariff  shown  in  annex  A,  which  is  composed  with  the  help  of  the 
reports  above  mentioned,  gives  a  view  of  the  dues  in  France,  Belgium, 
England,  Germany  and  the  Netherlands. 

An  examination  of  this  table  shows : 

1^.    That   the  dues  on  the  English  canals  are  generally  higher  than  in 

other  countries. 
2*^.    That  the   dues   on   canals  of  concessionary   companies  are  higher 

than  those  belonging  to  the  State  or  to  other  public  bodies. 
This  is   particularly  the  case  with   canals   belonging  to  railway 

companies. 
3^.    That  in  a  great  number  of  cases  the  rates  are  proportionately  higher 

on  canals  of  short  length. 
49.    That   on    waterways   not  belonging  to  concessionary  companies  the 

dues  vary: 

In  Belgium,  on  canals  f^om  0.2  to  0.6  centime. 

«  «         on  canalised  rivers  from  0.16  to  OJi  centime 

the  rule  being  0.6  centime  on  Canals  and  0.16  centime  on  canalised  rivers. 

In  the  Netherlands  from  0.24  to  0.66  centime  on  the  canals. 

In  Germany  (with  the  exception  of  the  Ludwig  Canal)  from  0.16  to  1.25  centime. 

It  can  be  easily  understood  that  it  is  impossible  to  fix  a  tariff  of  dues 
which  should  not  in  any  case  be  exceeded. 

The  example  of  the  canals  of  Paris  shows  that  especially  on  canals  of 
short  length,  situated  near  large  centres  of  population,  a  very  high  toll 
may  be  applied  and  still  permit  of  a  large  development  of  navigation. 

It  must  be  borne  in  mind,  that  canals  used  for  transport  at  long  dis- 
tances have  to  suffer  the  competition  of  railways  and  that  if  the  econo- 
mical object  of  their  construction  is  to  be  attained,  it  must  be  possible 
to  transport  goods  and  especially  raw  material  and  cheap  merchandise 
cheaper   than   by    rail.    Now  as  the  rate  for  such  freight  by  rail  is  about 


3  centimes  per  kilometric  ton  (see  Sympher  „Wirtschaftliche  Bedeutung 
der  Binnenwasserstrassen"),  we  must  come  to  the  conclusion  that  a  toll  of 
1.2  centime  does  not  leave  margin  sufficient  for  the  transport  by  canal 
to  be  the  cheaper  and  that  to  attain  the  economical  object  of  the  con- 
struction of  the  canals,  it  will  be  necessary  to  lower  the  rate  by  one  half, 
that  is  to  about  0.6  centime. 

Still  even  this  low  ratewouldhinderthedeveloppementof  navigation  and 
render  it  impossible  to  transport  by  water  to  long  distances,  especially  on 
canals  of  insufficient  dimensions  and  those  inadequately  provided  with  plant. 

Influence  of  the  distance  traversed,  of  the  tonnage  of  the  vessel  and 
of  the  nature  and  quantity  of  the  goods  carried.  Claesifloation  of 
merchandise.  Exemption  from  or  redaction  of  toll  for  vessels  travel- 
ling without  cargo. 

In  calculating  navigation  dues  the  above-mentioned  points  are  variously 
regarded  in  different  countries. 

To  arrive  at  a  just  appreciation,  it  would  be  well  to  examine  one  after 
the  other  what  we  may  call  the  Franco-Belgian,  Dutch  and  German  systems. 

In  Belgium  the  navigation  dues  are  fixed  by  tons  of  1000  kilogrammes 
per  kilometre  traversed,  with  a  minimum  of  20  centimes.  They  •  are 
charged  on  the  distance  actually  traversed  and  on  the  quantity  of  mer- 
chandise carried.  Empty  vessels  pay  a  toll  of  20  centimes  whatever 
may  be  their  tonnage  and  independant  of  the  distance  traversed. 

All  merchandise,  whatever  may  be  its  nature  or  value,  pays  the  same 
dues.  But  for  the  advancement  of  agriculture,  vessels  carrying  manure 
are  exempted  from  all  dues,  even  from  the  20  centimes,  when  travelling 
empty. 

Vessels  employed  in  a  regular  service,  pay  a  reduced  rate,  which  is 
based  on  the  total  of  the  cargo  they  are  able  to  carry.  The  reduction  is 
three-quarters  for  regular  passenger  services,  five-eighths  for  mixed  services 
and  one-fourth  for  cargo  services. 

In  Holland  the  duties  are  not  in  proportion  to  the  quantity  of  mer- 
chandise carried,  but  to  the  tonnage  of  the  vessel. 

The  distance  traversed  is  only  indirectly  taken  into  consideration.  Toll 
offices  are  placed  along  the  sides  of  the  canals  and  a  fixed  rate  per  ton 
is  charged  at  the  passing  of  each  office. 

Vessels  travelling  without  cargo  are  sometimes  entirely  exempted  from 
toll,  but  more  often  they  pay  the  half  of  the  usual  tariff. 

The  same  reduction  is  often  allowed  to  vessels  running  a  regular  ser- 
vice and  to  such  as  carry  only  manure.  On  the  other  hand  we  sometimes 
find,  as  for  example  in  Priesland,  that  steamers  have  to  pay  an  increased 
tariff  to  the  amount  of  50  or  100  ^Iq  on  account  of  the  damage  they  cause 
to  the  banks  of  the  canals. 

In  general  the  nature  of  the  merchandise  carried  is  not  taken  into  con- 


sideration   and   there   is  do  classification.  There  are  however  some  excep- 
tions expecially  in  the  tariffs  of  the  canals  in  the  turf  districts. 

The  German  system  holds  a  middle  place  between  the  Franco-Belgian  and 
the  Dutch.  The  dues  are  in  proportion  to  the  tonnage  of  the  vessel  and 
to  the  distance  traversed,  with,  however,  a  modification  of  a  rather  fiscal 
character. 

Every  fraction  of  five  tons  or  of  five  cubic  metres  is  reckoned  as  five 
tons  and  any  fraction  of  a  kilometre  transversed  is  likewise  counted  as  a 
kilometre.  This  method  of  calculation  presses  rather  heavily  on  some  vessels, 
especially  on  small  ones  and  those  which  travel  only  short  distances. 

Up  to  the  year  1892  vessels  of  a  large  tonnage  enjoyed  an  exceptional 
privilege  on  the  canals  between  the  Elbe  and  the  Oder  („Markische"  canals). 
This  was  caused  by  the  fixing  of  a  maximum  toll,  corresponding  to  a  tonni^e 
of  155  tons.  The  average  tonnage  of  the  vessels  on  these  canals  is  400  cubic 
metres.  The  toll  per  kilometric-ton  was  by  this  means  reduced  by  more 
than  one  half,  whereas  on  the  smaller  vessels  it  was  charged  in  full. 

Unloaded  vessels  on  the  Finow  Canal  pay  one-sixth,  those  on  the 
canals  of  the  left  bank  of  the  river  Ems  two-fifths  of  the  ordinary  toll. 
They  are  thus  more  favoured  than  in  Holland,  but  still  far  less  so  than 
in  Belgium. 

Account  is  also  taken  of  the  nature  and  value  of  the  goods  carried. 

On  the  canals  between  the  Elbe  and  the  Oder  raw  material  pays  only 
one  half  of  the  ordinary  tariff,  whereas  on  the  left  bank  of  the  Ems 
boats  so  laden  are  treated  as  empty  vessels.  The  latter  however  pay 
higher  dues  on  the  left  bank  of  the  Ems  than  on  the  „Markische"  canals. 

When  the  above-mentioned  privileges  in  favour  of  vessels  of  large 
tonnage  on  the  „Marki8che''  Canals  were  abolished,  the  general  rates  were 
at  the  same  time  increased  by  a  third. 

The  justice  of  this  abolition  has  been  generally  recognised,  but  at  the 
same  time  it  was  demanded,  that  the  reform  should  be  completed  by 
the  dues  being  calculated  on  the  actual  quantity  of  merchandise  carried, 
especially  as  it  often  happens  that  vessels  can  only  partly  utilise  their 
carrying  capacity,  on  account  of  the  shallowness  of  the  water  in  parts  of 
the  rivers  they  traverse. 

The  raising  of  the  tariff  has  been  protested  against  and  the  adoption 
of  the  Franco-Belgian  system  demanded.  Until  now  however  these  demands 
have  not  been  complied  with.  The  Minister  of  Finance  has  objected, 
that  the  dimensions  of  the  canal  depend  on  those  of  the  vessels  and  that 
therefore  one  may  doubt  the  superiority  of  the  principle  of  proportioning 
the  toll  to  the  quantity  of  merchandise  carried  to  the  one  based  on  the 
tonnage  of  the  vessel.  He  also  doubts  the  practicability  of  this  last  method 
of  calculation,  a  doubt  which  appears  to  require  foundation  after  the 
experience  gained  in  Belgium. 

Before    discussing   the  consequences  to  be   deduced   from   the   above- 
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mentioned  facts,  it  is  right  to  remark,  that  the  Dutch  system,  although 
it  is  to  be  recommended  for  its  simplicity  and  is  well  adapted  to  the 
particular  conditions  of  the  country,  could  not  be  applied  to  a  system  of 
canals  of  great  extent.  In  fact  the  country  on  account  of  its  limited  size 
i  possesses  only   short  canals   connecting   natural  rivers,  or  rivers  with  an 

inland  lake,  so  that  the  navigation  is  of  a  mixed  character. 

It  is  the  Franco-Belgian  and  the  German  systems  which  must  furnish  the 
basis  of  a  rational  tariff  applicable  to  such  a  system. 

In   considering   the   question  of  the  influence  of  the  tonnage  of  vessels 
and   of  the   quantity  of  merchandise  carried,  we  remark  that  those  who 
assert    that    the   price  of  construction  and   maintainance   of  the   canal 
I  depends   on   the  dimensions  of  the  vessels,   as  well  as  those   who  main- 

tain  that  it  is   unjust  to   make   the   boatman   pay  for  that  part  of  the 
capacity   of  his  vessel  which,  entirely  independent  of  his  own  will,   he  is 
I  unable  to  use,  are  both  right. 

Thence  arises  the   question,   whether  it  is  not  possible  to  combine  the 

two   principles.  We  believe  that  this  could  be  arrived  at  by  reducing  the 

I  toll  into  a  fixed  tariff,  independant  of  the  distance  and  proportionate  to 

the  tonnage  of  the  vessel,  the  tariff  to  be  applied  to  all  vessels,  loaded 
or  unloaded  and  a  toll  proportionate  to  the  number  of  tons  carried, 
varying  with  the  distance  of  the  transport. 

It  must  be  acknowledged  that  empty  vessels  do  profit  by  the  canal 
and  that  it  is  only  just  that  they  should  pay  a  toll.  At  the  same  time 
it  is  certain  that  a  large  vessel  profits  more  than  a  small  one  and  this 
iustifiee  the  proportioning  of  the  tonnage.  Still  it  cannot  be  denied  that 
a  long  journey  without  cargo  is  a  disadvantage  to  the  vessel,  so  that  it 
is  unreasonable  to  tax  it  in  proportion  to  the  length  of  this  unprofitable 
journey.  Empty  vessels  might  therefore  be  charged  a  moderate  fixed 
toll  —  say  10  centimes  per  ton. 

Then  by  obliging  loaded  vessels  to  pay  this  same  toll,  we  obtain  the 
result  that  a  large  vessel,  which  uses  the  dimensions  of  the  canal  much 
more  completety  and  which  in  general  will  be  the  cause  of  much  greater 
expense  for  maintainance  of  the  same,  will  pay  more  than  a  smaller  vessel 
carrying  the  same  quantity  of  merchandise.  In  this  way  the  principle 
enunciated  by  the  Minister  Miquel  in  the  discussion  on  the  tariffs  of  the 
„Markische"  canals  will  be  complied  with. 

Having  in  this  manner  allowed  all  due  influence  to  the  tonnage  of 
the  vessel,  it  is  inevitable  that  the  toll  to  be  paid  for  the  transport  of 
the  merchandise  should  be  proportionate  to  its  quantity,  viz.,  the  number 
of  tons  transported.  The  example  of  Belgium  shows  that  the  practical 
inconvenience  found  in  this  method  of  charging  dues  is  not  insur- 
mountable. 

For  this  reason  the  system  of  gauging  vessels  used  in  Belgium  should 
be  adopted  and  a  concession  made  for  vessels  doing  a  regular  service. 


For  these  the  application  of  this  principle  would  meet  with  many 
difficulties  on  account  of  the  perpetual  variation  in  the  quantity  trans* 
ported,  especially  when  the  object  of  the  service  is  exclusively  the  trans- 
port of  passengers. 

But  this  difficulty  is  obviated  in  a  very  judicous  manner  by  the 
Belgian  rules  which  charge  on  these  vessels  a  reduced  toll  but  which  is 
still  calculated  in  proportion  to  the  tonnage. 

We  have  now  to  examine  the  following  questions: 

1.  Is  a  classijication  of  merchandise  desirable? 

2.  Should  the  toll  be  in  proportion  to  the  distance  traversed^  or  is  it  prefer- 
able  to  form  a  tariff  in  which  the  kilomeiric  charge  decreases  mth  the 
number  of  kilometres  traversed? 

The  solution  of  the  first  question  is  simple.  The  freight  of  raw  material 
is  lower  than  that  of  merchandise  of  less  volume  and  greater  value.  The 
latter  can  thus  in  general  bear  heavier  charges  and  the  toll  should  there- 
fore be  higher  than  that  for  the  raw  material.  Still,  if  the  classification 
be  pushed  too  far,  many  difficulties  would  arise  in  the  calculation  of  the  toll 
especially  for  mixed  cargo.  Instead  of  determining  the  quantity  transported 
by  means  of  gauging,  a  declaration  concerning  the  nature  and  quantity 
of  each  article  should  be  required  from  the  boatman.  In  this  respect  it 
would  be  advisable  to  adopt  the  German  system,  which  distinguishes  only 
two  classes  of  merchandise,  viz.  raw  material  and  other  merchandise,  the 
toll  due  on  the  latter  being  the  higher. 

Of  course  it  will  be  necessary  to  decide  in  each  particular  case,  what 
merchandise  is  raw  material  and  what  is  to  be  the  difference  of  the  toll 
for  the  two  classes.  In  certain  cases  the  classification  might  present  such 
important  difficulties,  that  it  would  be  better  not  to  apply  it. 

The  solution  of  the  second  question  is  less  simple,  but  it  is  in  our 
opinion  of  the  greatest  importance. 

Although  until  now,  in  Grermany  as  well  as  in  Belgium,  the  principle 
of  proportion  to  the  distance  traversed  has  been  adhered  to  and  in 
fact  the  supposition  has  been  generally  allowed,  that  the  damage  caused 
by  a  vessel  becomes  greater  in  proportions  to  the  distance  traversed,  the 
practical  as  well  as  theoretical  objections  that  can  be  made  to  this  prin- 
ciple seem  of  so  serious  a  nature  that  its  maintainance  is  not  to  be 
recommended. 

To  begin  with,  the  expenses  of  maintainance  are  composed  of  a  great 
number  of  elements  among  which  are  some  that  do  not  depend  in  any 
way  on  the  number  of  kilometres  traversed  by  the  vessels. 

Also,  the  freight  is  not  proportionate  to  the  distance.  In  general  the 
kilometric  freight  decreases  with  the  distance  traversed.  Many  cases  may 
be  quoted,  in  which  one  and  the  same  freight  is  charged  for  the  transport 
of  the  same  quantity  of  merchandise  to  very  different  distances. 

It  follows  that   the  consequence  of  the  application  of  the  principle  of 


kilometric  proportion  is  that  with  the  increase  of  the  distance  a 
gradually  increasing  proportionate  part  of  the  freight  is  absorbed  by 
the  toll,  and  a  limit  is  soon  reached,  whereat  this  proportion  is  such 
that  the  transport  of  the  merchandise  cannot  be  effected  with  any 
advantage. 

Proof  is  abundant  that  the  influence  of  the  truth  has  not  been  without 
its  effect  in  the  compilation  of  existing  tariffs. 

For  instance  in  Russia  with  its  enormous  distances,  it  was  immediately 
perceived  that  the  introduction  of  the  principle  of  the  proportion  of 
tolls  to  the  distance  traversed  would  lead  to  the  formation  of  tariffs  so 
burdensome  that  all  transport  by  waterway  would  become  impossible 
and  the  system  of  charging  dues  according  to  the  value  of  the  merchan- 
dise has  been  adopted,  a  system  which  has  moreover  little  to  recommend 
it.  It  has  been  already  observed  that  the  tolls  on  canals  of  short  length 
are  generally  the  highest. 

In  a  recently  published  pamphlet  concerning  the  canal  from  the  Rhine 
to  the  Weser  and  the  Elbe,  the  engineer  Geek  estimates  that  the  average  of  the 
toll  per  ton  transported  will  be  mk.  0.84  and  he  remarks  „that  the 
introduction  of  this  average  toll  would  be  a  great  advantage  to  the  trans- 
port over  long  distances,  although  it  would  bear  too  hard  upon  the  local 
traffic".  That  is  also  our  opionion.  For  this  canal,  as  well  as  for  any  canal 
system  of  great  extent,  it  would  be  better  to  adopt  a  medium  rate,  estab- 
lishing on  a  kilometric  basis  a  tariff  decreasing  in  proportion  to  the  • 
distance  traversed. 

It  is  well  understood  that  the  taxing  of  the  tolls,  the  degree  of  the 
decrease  as  well  as  the  classification  of  merchandise  and  the  proportionate 
tax  on  the  tonnage  of  vessels  should  in  each  particular  case  be  the  object  of 
a  special  enquiry  and  it  is  merely  in  order  to  present  clearly  our  ideas  that 
we  give  on  annex  B  an  example  of  a  tariff,  formed  on  the  principles  we 
have  enunciated  and  of  its  application  to  a  canal  of  600  kilometres  in 
length  used  by  vessels  of  400  tons  burden. 

By  this  table  it  will  be  seen  that  the  toll  per  kilometric  ton  for  short 
distances  is  higher  than  the  fundamental  tax.  That  this  tax  corresponds 
to  a  transport  on  a  distance  of  170  kilometres,  while  the  kilometric  toll 
decreases  very  perceptibly  with  the  increase  of  the  distance. 

The  principle  of  proportion  to  distance  traversed  would  lead  up  to 
a  toll  total  of  1200  francs  for  raw  material  and  of  1800  francs  for  other 
merchandise.  The  proposed  decrease  should  be  more  or  less  according  to 
circumstances  depending  on  the  nature  of  the  transport,  the  total  length 
of  the  canal  and  the  development  of  the  country.  It  should  be  the  most 
on  canals  constructed  for  drainage  purposes. 

In  some  cases  it  will  be  advisable  to  suppress  entirely  the  supplemen- 
tary toll,  when  the  distance  traversed  exceeds  a  certain  limit. 
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Dues  for  working  locks,  weirs  and   bridges.    Suppiementary  dues  at 
night 

It  may  be  taken  as  a  general  principle,  that  dues  for  working  mecha- 
nical appliances  should  be  included  in  the  toll  paid  for  the  use  of  the 
canal.  Considerations  of  a  practical  nature  may,  however,  justify  the  crear 
tain  of  separate  tolls  of  this  nature. 

Dues  for  the  working  of  locks  are  charged  only  in  very  exceptional 
cases. 

The  only  instance  with  which  we  are  acquainted  is  found  in  the  tariff 
of  the  canals  on  the  left  bank  of  the  Ems,  where  each  vessel  pays  20  pf. 
for  the  working  of  a  single  lock  and  30  pf  for  a  double  lock. 

For  the  working  of  movable  bridges  it  is  the  custom  in  the  Nether- 
lands to  charge  a  small  fee,  which  does  not  exceed  5  cents  (one  penny) 
for  vessels  of  a  tonnage  of  50  cubic  metres  and  is  more  often  only  27^  or 
2  cents  in  Dutch  currency.  In  such  cases  the  man  placed  in  charge  of  the 
bridge  does  not  as  a  rule  receive  any  regular  wages,  but  he  is  allowed  to 
occupy  rent-free  a  small  house  near  the  bridge  and  to  keep  for  his  own 
use  the  money  he  collects  in  tolls. 

In  many  instances  he  agrees  to  pay  a  certain  rent  for  the  use  of 
the  house  together  with  the  privilege  of  collecting  and  keeping  the  toll- 
money.  His  rent  sometimes  amounts  to  more  than  100  florins  (200  francs) 
a  year  on  much  frequented  canals. 

In  places  where  bridges  are  not  numerous  and  where  the  toll  does  not 
exceed  the  tariff  quoted  the  inconvenience  caused  to  navigation  is  not 
great  and  the  system  affords  considerable  advantage  to  the  proprietors  of 
the  canal. 

The  inconvenience  is  lessened  by  a  custom  which  the  Dutch  boatmen 
have  of  giving  one  or  two  cents  to  the  worker  of  the  bridge,  even  when 
no  toll  is  exacted  or  due. 

These  practical  considerations  do  not  apply  to  locks,  which  must  always 
be  worked  by  paid  attendants;  neither  are  they  applicable  to  bridges  built 
after  the  construction  of  the  canal  which  do  not  benefit  navigation 
in  any  way.  When  bridges  are  numerous  and  the  rate  of  the  tolls  too 
high,  this  may  become  such  a  tax  on  navigation  as  to  sensibly  augment 
the  usual  expenses. 

For  instance  on  the  left  bank  of  the  Ems,  the  charge  is  10  pf  per  vessel 
per  bridge,  and  one  finds  on  the  average  a  moveable  bridge  at  every 
kilometre.  For  vessels  of  60  to  80  tons  traversing  these  canals  the  charges 
amount  to  a  tax  of  16  to  12 V2  pf  per  kilometric-ton,  whereas  the  toll  in 
itself  is  most  often  not  more  than  2  pf ;  for  smaller  vessels  the  tax  is 
still  more  onerous. 

The  charging  of  dues  for  the  working  of  weirs  may  be  justified  by  the 
consideration  that  it  is  often  a  matter  of  importance  that  the  frequency 
of  these  manoeuvres  be  diminished  as  much  as  possible. 


In  such  cases  a  rather  high  toll  is  fixed  for  each  time  the  gates  are 
worked,  so  that  the  boatmen  find  it  to  their  own  interest  not  to  require 
this  to  be  done,  until  there  are  several  vessels  wanting  to  pass  through 
collected  together  and  then  each  one  pays  a  share  of  the  toll,  thus  divi- 
ding the  burden. 

With  regard  to  supplementary  dues  at  night  two  cases  must  be  distin- 
guished. 

When  the  traffic  is  not  animated  and  navigation  at  night  only  carried 
on  in  exceptional  cases,  a  moderate  toll  is  justifiable  and  practical  even 
if  it  be  only  applied  with  the  object  of  inducing  the  boatmen  to  refrain 
from  travelling  during  the  night,  except  in  cases  of  great  necessity.  In 
this  case  it  is  only  just  that  the  profit  of  this  night  work  should  go  to  the 
benefit  of  the  lock  and  bridge  workers. 

When  however  the  traffic  is  of  sufficient  importance  to  justify  the  in- 
troduction of  a  regular  night  service,  it  is  advisable  to  encourage  naviga- 
tion at  night  with  the  object  of  obtaining  traffic  as  busy  as  during  the 
day.  In  this  case  all  motive  for  the  application  of  an  extra  tax  at  night 
disappears. 

Mode  of  collecting.  Control. 

The  mode  of  collecting  must  comply  with  the  following  conditions : 

1.  It  must  cause  as  little  delay  as  possible  to  the  vessel. 

2.  It  must  render  it  impossible,  or  at  least  extremely  difficult,  for  any 
fraudulent  connivance  to  take  place  between  boatmen  and  collectors 
and  thus  prevent  any  misappropriation  by  the  latter. 

3.  It  must  permit  of  the  formation  of  good  statistics  of  navigation. 

A  system  which  in  practice  on  the  canals  of  the  province  of  Overijssel 
has  given  satisfactory  results,  is  based  on  the  following  principles,  which 
may  be  modified  or  applied  in  a  different  manner  accordingly  as  circum- 
stances may  differ. 

Every  boatman  on  entering  the  canal,  or  on  changing  the  direction  of 
his  vessel  after  loading  or  unloading  a  cargo,  receives  at  the  first  office 
he  comes  to  a  ticket,  which  is  detached  from  a  book  of  numbered  leaves. 
On  the  part  left  in  the  book,  as  well  as  on  the  ticket,  are  entered  the 
name  and  the  maximum  tonnage  of  the  vessel,  the  name  of  the  person 
in  charge  of  her,  also  if  the  vessel  is  loaded  the  depth  of  water  she 
draws,  as  indicated  by  the  gauge,  and  the  nature  of  the  cargo  with  its 
classification. 

The  boatman  is  obliged  to  show  his  ticket  at  every  office  he  passes 
and  it  is  examined  by  a  clerk,  who  signs  it  or  clips  it  in  a  parti- 
cular part  in  the  same  way  as  is  done  with  railway  tickets,  and  registers 
the  passage  of  the  vessels  in  a  book  kept  for  the  purpose.  If  the  gauge 
indicates  that  the  cargo  has  been  increased  or  diminished  he  notes  the 
fact  on  the  ticket. 
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After  having  passed  one  or  more  offices  the  vessel  may  either  pass  out 
of  the  canal  or  discharge  its  cargo  and  continue  the  journey  or  turn  back. 

In  either  case  the  boatman  delivers  up  his  ticket  at  the  office 
of  the  canal  or  at  the  first  office  he  reaches.  The  clerk  makes  on  the 
ticket  itself  a  calculation  of  the  amount  of  the  tolls  due,  which  have  to  be 
paid  before  the  journey  can  be  resumed. 

If  the  vessel  has  not  left  the  canal  a  fresh  ticket  is  issued. 

The  tickets  with  the  amount  of  the  dues  paid  noted  on  them  together 
with  the  corresponding  numbered  leaves  of  the  clerk's  book  are  sent  in 
at  the  end  of  each  month  to  the  general  manager  or  superintendent,  who 
checks  them  and  compiles  statistics  from  the  tickets,  which  of  course  show 
a  complete  itinerary  of  the  journey  of  the  vessel. 

The  system  causes  very  little  delay  to  the  boats,  especially  when  the 
controlling  offices  are  situated  at  the  locks,  bridges,  or  any  of  the  usual 
places  of  loading. 

It  renders  it  extremely  difficult  for  any  misappropriation  or  fraud  to 
be  committed  by  collectors  on  boatmen,  for  it  could  not  possibly  take  place 
without  collusion  between  several  persons,  and  because  all  tickets  have 
to  be  sent  in  within  a  certain  time,  and  the  books  show  at  any  time  on 
what  section  of  the  canal  and  between  which  two  offices  any  vessel  may 
be  found.  It  would  thus  be  easy  to  discover  any  fraud  committed  by  a 
collector. 

The  control  is  facilitated  by  the  tickets  being  of  two  different  colours, 
one  for  each  of  the  two  directions.  It  is  also  found  necessary  to  inflict 
a  heavy  fine  on  any  boatman  who  cannot  or  will  not  show  his  ticket 
whenever  it  is  demanded  by  any  authorised  person. 

For  the  system  to  work  well  every  vessel  must  be  gauged  and  supplied 
with  certificates  and  a  proper  water-gauge. 

The  calciilation  of  the  dues  is  not  difficult,  when  tables  similar  to  those 
,in  use  in  Belgium  are  employed.  They  render  it  easy  to  trace  the  distan- 
ces traversed  and  a  table  can  be  made  out  with  double  entries,  from  which 
may  be  extracted  at  first  sight  the  amount  due  by  a  vessel  which  has 
transported  a  certain  quantity  of  merchandise  to  any  number  of  kilome- 
tres of  distance. 

The  author  of  this  memorandum  holds  at  the  disposal  of  members  of  the 
Congress,  who  take  an  interest  in  the  subject,  a  number  of  specimens 
of  the  documents  used  by  this  system  on  one  the  canals  in  the  Province 
of  Overyssel. 

Briefly,  we  recommend  the  Congress  to  adopt  the  following  con- 
clusions: 

1^.     It  is  impodstble  to  fix  a  maximum  tax  per  kilometric  tan,  which  could 
not  be  exceeded. 
However,   a  toll  of  0.5  centime  or  pfenning  per  kilometric  ton  may 
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be  considered  as  not  to  be  exceeded  mthout  inconvenience  on  canals 
intended  to  facilitate  the  transiport  of  raw  material  to  long  distances 
and  which  have  to  suffer  competition  from  railways. 

2^.  It  is  advisable  to  divide  the  toll  into  a  moderate  tax  proportionate  to 
the  tonnage  of  the  vessel  and  independent  of  the  distance  traversed^  to 
be  paid  per  journey  by  vessels  loaded  or  unloaded,  and  a  tax  on  a 
kHometric  basis  decreasing  with  the  distance  in  proportion  to  the  quantity 
of  merchandise  transported  to  be  charged  in  accordance  vnth  a  cUissi- 
fication  of  the  merchandise. 

As  a  rule  it  is  not  advisable  to  distinguish  more  than  two  classes  of 
merchandise:  a.  raw  material,  b.  all  other  mercJumdise. 

3^.  As  a  matter  of  principle,  charges  for  the  working  of  locks,  weirs  and 
bridges  and  extra  tolls  for  navigation  at  night  are  not  to  be  recommended. 
Nevertheless  considerations  of  a  practical  nature  may  in  certain  cases 
justify  the  establishment  of  such  tolls  on  condition  that  they  do  not  exceed 
a  very  moderate  rate,  so  that  the  total  of  the  dues  paid  be  not  sensibly 
increased. 

Zwolle,  March  31»*  1894. 

(Translated  by  G.  J.  Rowland.) 
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NAME    OF    CANAL. 


Length  of 

canal  in 

kltomotresi 


Rate  of  tolls  per  kilo- 
inetric  ton. 


In  centimes* 


in  pfennings* 


REMARKS. 


France. 


11 
11 
11 

71 
11 
11 


Nayigable  Rivers 

Canal  du  Centre 

dn  Midi 

de  la  Dive  et  du  Thouet 

lateral  k  la  Garonne 

de  Yassy  h  St.  Dizier   . 

de  rOuroq 

de  St.  Denis      .... 

St.  Martin 


11 


State  Canals 


Belgium. 


11 
11 
11 


11 
11 
11 
11 


11 


11 
11 


11 
11 
11 


11 


11 


Canal  du  Centre 

from  Mons  to  Cond6  .  .  . 
Pommeroeul  to  Antoinff 
Charleroi  to  Brussels  and 

branches 

Ghent  to  Ostend  via  Bruges 

Plassohendaele  to  Nieuport 

Ghent  to  Terneuzen.    . 

Li^ge  to  Antwerp   and 

branches 

Rouler  to  the  Lys.    .    . 

Canals  of  the  basin  of  the  Yser  .    . 

The  canalised  Lys 

The        J,  Mouse 

The        „  Sambre 

The        r,  Ourthe 

Canal  from  Blaton  to  Ath  .... 
„  „    Bossuyt  to  Courtrai  .     . 

The  canalised  Dendre 

England. 

Junction  Canal   from    Liverpool   to 
Birmingham 

Trent^Mersey  Canal 

Eennet  Avon  Canal 

Canal  from  Bolton  to  Bury     .    .    . 
,,  „    Birmingham  to  the  Severn 

-        toWarwick  etc. 


11 


11 


Netherlands. 

Overgssel  Canal 

Dedemsvaart 

Zuid-Willemsvaart 

Drentsche  Hoofdvaart 

Apeldoorn  Canal 

Gernany. 

Finow  Canal 

Ludwig  Canal 

Canals  on  the  left  bank  of  the  Ems 
Average  tariff  on  Navigable  Ways  in 

Germany 

Canal   from   Dortmund  to  Ems  and 

the  Mittelland  Canal 

Austria. 

Danube-Oder  Canal 


110 

279 

40 

213 

28 

108 

6.6 

4.5 


7.6 
20.2 
25.2 

105.0 
70.1 
21.0 
17.0 

249 
16.5 
90.0 

112.5 

128 
94 

106.5 
21.5 
15.4 
67.4 


62 

95 

188 

25 

153 

250 


56 
48 
78 
44 
55 


70 
100 


651 


274 


0.1 5  to  0.85 


0.1 2  to  0.28 


0.05 
8.6 
2.5 
2.0 
3.5 
0.2 
5.8 
4.4 


,  0.18 
,  3.8 
,10.0 
.  4.0 
.  6.0 
n  2.0 
»10.2 
»  8.8 


0.25 


0.5 
0.5 
0.5 

0.5 
0.2 
0.5 
0.5 

0.5 

0.25 

0.5 

0.16 

0.16 

0.16 

0.5 

4.0 

3.0 

1.0 


9.4 

3.1  to  6.1 

3.1  „12.4 


0.04 

2.8 

2.0 

1.6 

2.8 

0.16 
4.6 
3.6 


0.15 

3.0 

8.0 

3.2 

4.8 

1.6 

8.1 

7.1 


0.20 


0.4 
0.4 
0.4 

0.4 
0.16 
0.4 
0.4 

0.4 

0.20 

0.4 

0.13 

0.13 

0.13 

0.4 

3.2 

2.4 

0.8 


2.4 
4.0 
3.1 


3.3 
6.1 
6.1 


0.92,  1.0 
0.27  ,  0.65 

0.32 

0.24 

0.47 


0.28  to  0.15 


7.4 
2.5  to  5.0 
2.5,10.0 
2.0  ,  2.6 
3.2,  4.9 
2.5  «  5.0 


1.29 
0.25 


1.75 
1.25 


0.25 


0.60 


1.66 


0.74  ,  0.80 
0.22  ,  0.53 

0.26 

0.20 

0.38 


0.23  to  0.12 
1.16,  1.45 
0.20,  1.00 

0.20 

0.50 


1.33 


Before  the  abolition  of  tolls  in  1880. 

»  n  ij  n       n        n        n 

Canal  worked  by  a  railway  company. 
,     belonging  to  a  concessionary  company. 


w 
11 

V 


11 
n 

71 


11    n 


,  the   city   of  Paris. 


Tax  proposed  in  1887. 


Canal  owned  by  the  State. 


11 


11 
n 

» 

v 
ft 


Tl 

n 


w       n 


/7  //  f/  //  If 

River  canalised  by  the  State. 


11 


11 


n 

V 


77  ft  '9  II  n 

Canal  belonging  to  a  concessionary  company. 

»  n  n 

River  canalised  by 


n    n 


Canal  belonging  to  a  railway  company. 

H  11  V     V  H  11 

11  n  11    i»  w  n 

n  p  »    »  »  n 

,     belonging  to  a  concessionary  company. 

MB.  The  figures  raating  to  the  English  Cmnals  aie 
taken  from  the  report  of  Mr.  Clememts  to  the 
Paris  Congress.  The  distinction  between  the  Com- 
panies which  work  the  traffic  themselves,  and 
those  which  confine  themselves  to  the  m^ntainanoe 
of  the  Canal  is  not  quite  clear. 


Canal  belonging  to  a  concessionary  company. 

,  ,         ,  the  Province. 

State  canal 
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State    canal. 

Canal  belonging  to  a  syndicate. 

According  to  Sympher. 

State  canals  projected  and  in  course  of  con- 
struction. Tolls  in  consideration  as  proposed 
by  the  engineer  F.  GSCK.  ,Mittheilungen 
des  Yereins,  January  1894." 

Projected  canal.  Average  tolls  in  oonside* 
ration.  ,Mittheilun^en  de?  YereinSi  NoTem* 
ber  1893, 


IS 
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CalcttiatioR  of  Navigation  Doos  acoording  to  the  following  tariflT: 

Fixed   toll   of  10  centimes   or  10  pfennings  per  ton  paid  for  each  journey  by  all  vessels 
loaded  or  empty. 

Toll   paid  by  loaded  vessels  in  proportion  to  the  number  of  tons  transported  varying  with 
the  distance  traversed  in  the  following  manner: 

Toll  per  liilometrio  ton  In  oentlmes  or  pfennlnge. 

Up  to  60  Kilometres 
from  60  to  100  Kilometres 


100 

160 

160 

900 

900 

960 

260 

800 

aoo 

360 

am 

400 

400 

460 

460 

600 

600 

660 

660 

mo 

Baw  materials 

Other  merchandise 

0.40 

aoo 

0^ 

0i>6 

0.30 

0.60 

0.96 

0.45 

0.90 

0.40 

ai6 

0.36 

aio 

0.30 

ao6 

0.26 

0.06 

0.90 

OM 

0.16 

OM 

0.10 

0.06 

0.06 

Dlsttaee  trarened 
In  KQometres 


Toll  per  ton. 


Total  toll  for  a  vessel  of  400  tons 
folly  loaded. 


Toll  per  kllometrio  ton. 


Raw  ICaterials. 


Other 
Merchandise. 


Raw  Materials. 


Other 
Merchandise. 


Raw  Materials. 


Other 
Merchandise. 


25 

50 

75 

100 

125 

150 

175 

200 

225 

250 

275 

900 

325 

350 

375 

400 

425 

450 

475 

500 

525 

550 

575 

600 


franos  or  marks. 
0.2000 
0.3000 
0.3875 
0.4750 
0.5500 
0.6250 
0.6875 
0.7500 
0.8000 
0.8500 
0.8875 
0.9250 
0.9500 
0.9750 
0.9875 
1.0000 
1.0125 
1.0250 
1.0875 
1.0500 
1.0625 
1.0750 
1.0875 
1.1000 


franoB  or  marks 
0.2500 
0.4000 
0.5375 
0.6750 
0.8000 
0.9250 
1.0375 
1.1500 
1.2500 
1.3500 
1 .4375 
1.5250 
1.6000 
1.6750 
1.7375 
1.8000 
1.8500 
1.9000 
1.9375 
1.9750 
2.0000 
2.0250 
2.0375 
2.0500 


francs  or  marks. 
80.00 
120.00 
155.00 
190.00 
220.00 
25000 
275.00 
300.00 
320.00 
340.00 
355.00 
370.00 
380.00 
390.00 
395.00 
400.00 
405.00 
410.00 
415.00 
420.00 
425.00 
430.00 
435.00 
440.00 


franos  or  marks. 
100.00 
160.00 
215.00 
270.00 
320.00 
370.00 
415.00 
460.00 
500.00 
540.00 
575.00 
610.00 
640.00 
670.00 
695.00 
720.00 
740.00 
760.00 
775.00 
790.00 
800.00 
810.00 
815.00 
820.00 


centim.  or  pfen. 
0.800 
0.600 
0.516 
0.475 
0.440 
0.417 
0.393 
0.375 
0.355 
0.340 
0.323 
0.308 
0.292 
0.278 
0.263 
0.250 
0.238 
0.228 
0.218 
0.210 
0.202 
0.196 
0.189 
0.183 


oentim.  or  pfen. 
1.000 
0.800 
0.716 
0.675 
0.640 
0.617 
0.593 
0.575 
0.555 
0.540 
0.523 
0.508 
0.492 
0.478 
0.463 
0.450 
0.435 
0.422 
0.408 
0.395 
0.381 
0.368 
0.354 
0.342 
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Connection  between  the  depth  of  streams 

and  river  beds. 

BY 

B.  JASMUND, 

Inspector  of  the  Waterworks  at  Magdeburg. 


PART   I. 


Notes  on  studies  relatively  to  bends  and  depth.  Distan- 
ces between  great  and  small  bends  and  great  and  small 
depths.  A  graphical  experimental  method  showing  synop- 
tical bends  and  diagrams  of  depths.  Influence  of  width 
and  water  quantities  on  small  depths  near  bends. 

The  study  as  to  the  connection  between  bends  and  depth  of  the 
stream  is  difficult  for  the  river  Elbe.  It  gives  but  little  occasion  to  be 
studied  in  the  same  manner  as  M'  Fargue  did  for  the  Garonne,  as  this 
river  from  the  Gironde  to  Barsac,  where  these  observations  have  been 
made,  is  made  regular  by  embankments  along  its  shores  and  therefore 
shows  more  precisely  the  proportion  of  its  curves.  The  Elbe  in  the  State 
of  Prussia  has  banks  that  do  not  always  follow  the  natural  course  of 
the  stream  and  therefore  suppositions  can  only  be  made  on  its  bends. 
Riversides  can  change  even  with  banks  as  this  depends  on  their  force  of 
resistance.  The  more  or  less  advanced  position,  even  a  few  decimetres, 
can  change  notably  a  bend.  Often  they  depend  on  wharves,  quays  etc. 

The  line  of  the  current  will  not  be  influenced  by  these  irregularities, 
its  direction  being  pushed  towards  the  middle  of  the  curve.  Changes  in 
direction  of  the  stream  can  be  regulated  by  the  depth  of  the  water  but 
the  position  of  the  line  of  the  stream  is  more  variable  and  unknown 
than  its  shores. 

Cireumstances  that  have  elTect  on  the  movement  of  riverbeds  and 

on  depths  of  rivers. 

The  question  „where  does  the  riverbed  find  its  real  course'*?  gives 
way  to  hesitations.  The   banks   along  the  Elbe  reach    above  the   water 


only  a  little  at  its  average  height,  and  form  borderings  for  the  water 
to  about  two  metres  above  ebb,  that  is  about  3  metres  above  the  highest 
point  of  its  bed.  From  2  to  about  four  metres*  above  ebb  the  stream 
reaches  to  its  ancient  embankments  which  show  themselves  quite 
different  in  certain  curves  than  with  the  corrected  banks.  The  whole 
mass  in  its  diversion  is  about  the  same,  but  different  in  certain  parts 
inward  of  the  curve. 

It  could  be  thought  that  on  account  of  the  great  force  of  an  over- 
flowing river  the  influence  would  show  itself  not  only  on  the  corrected 
embankments  but  also  on  the  depth  and  its  ancient  limits.  These  thoughts 
come  back  when  we  see  high  tides  during  which  the  water  rises  some- 
times to  6^2  metres  above  ebb  and  inundates  the  surrounding  shores 
two  to  three  metres  deep. 

The  strength  of  the  current  is  greatest  during  high  tide,  the  pression 
at  its  utmost  and  the  bed  of  the  river  easiest  worked.  At  these  moments 
the  water  goes  up  to  the  dikes  which  have  rarely  the  same  direction  as 
the  corrected  embankments.  When  the  water  follows  the  upper  grounds 
along  the  dikes  it  crosses  the  real  riverbed  at  different  points  and  also 
on  a  different  proclivity.  In  the  curves  the  two  streams  will  meet,  but 
in  other  passages  great  deviations  will  take  place.  If  it  be  accepted  that 
the  direction  of  the  stream  changes  the  riverbed  it  must  also  be  admitted 
that  the  upper  layers  of  water  have  influence  on  the  under  depths  and 
consequently  increase  or  diminish  the  depth  of  the  river. 

During  high  waters  the  fall  of  the  riverbed  changes  as  well  in  width 
as  in  depth,  and  varies  in  length  in  certain  parts  proportionately  to  the 
depth  of  the  middle.  It  becomes  so  much  greater  as  the  depth  is  great 
in  width  at  curves  and  in  the  middle  of  the  stream.  The  width  of  the 
traverse  profile  or  the  depth  of  the  channel  have  less  influence  on  the 
fall  as  the  middle  depth.  These  notes  are  not  taken  from  theory  but 
from  practical  observations  and  these  lead  to  proclaim  that  the  fall  of 
the  river  can  change  at  different  depths  and  if  the  direction  of  the  middle 
stream  changes.  These  changes  are  also  greatly  different  and  sometimes 
quite  opposite  with  high  water  and  that  on  account  of  irregularities 
in  width. 

In  consequence  the  fall  of  a  river  depends  on  the  height  of  water. 

The  profile  in  length  is  also  more  or  less  influenced  when  high  waters 
pass  over  high  beds.  The  surface  of  the  water  will  not  be  more  elevated 
in  the  concave  part  than  in  a  convex  part,  this  is  often  the  contrary. 

High  waters  have  influence  on  the  formation  of  riverbed  by  the 
different  form  of  the  fall  but  this  also  depends  on  the  height  of  the 
water.  These  influences  of  high  waters  on  the  formation  of  the  channel 
can  be  observed  regularly  on  the  different  profile  shapes  of  the  Elbe. 
It  is  also  proved  that  the  advanced  constructions  in  a  river  have 
influence   on  the  depth  of  thp  channel.   The  relation  between  the  correc- 


ted  and  primitive  riverbeds  depend  on  subordinate  powers  and  cannot 
be  considered  with  certitude;  few  examples  exist  where  small  distances 
could  serve  as  guide. 

Choice  of  a  place  to  study. 

The  time  given  to  make  this  report  was  too  short  to  examine  the 
485  kilometres,  this  being  the  length  of  the  Elbe  subject  to  the  sur- 
veyance  of  the  State  of  Prussia.  It  was  therefore  necessary  to  choose  a 
distance  and  this  abridgeiuent  was  inevitable  the  whole  course  of  the 
Elbe  being  inconvenient  for  such  a  study. 

The  channel  on  the  distance  chosen,  175  kilometres  is  not  straight 
but  has  continual  curves.  The  sand  banks  through  which  the  river 
passes  move  in  following  the  course  of  the  stream  or  balance  from  one 
side  to  the  other.  These  are  the  hazards  on  which  depend  the  regulation 
of  the  fall  of  the  bed,  the  direction  of  the  current  and  the  depth  of  the 
channel.  Sand  banks  in  continual  movement!  Although  the  study  of 
these  moving  matters  is  interesting  there  can  be  no  question  of  this  in 
the  present  in  this  search. 

Between  Dessau  and  Havelmundung  the  channel  is  rather  regular, 
the  river  making  but  few  curves  and  this  part  does  not  present  so  much 
interest  to  be  studied  as  the  distance  from  the  Saxon  and  Prussian 
frontiers  untill  above  Dessau.  On  this  distance  of  145  kilometres  chosen  ^ 
to  be  studied,  the  Elbe  is  generally  regularised  by  banks  and  only  in 
some  parts  by  heightened  shores.  The  width  of  the  river  is: 

1)  from  120.8  kilometres  to  198.5  kilom. 

2)  „     198.5  „  „  233 

3)  „     238  „  „  259.^      „ 

4)  „     259.5  „  „  290.7       „ 
The   width   in  the   curves   is   about  the   same  as  the  attaining  parts. 

The  original  form  of  the  corrected  river  line  is  rich  in  curves  of  all 
kinds.  Some  of  these  present  a  deviation  of  more  than  180  degrees.  Small 
passages,  sharp  bends,  arcs  and  straight  lines  are  found  often .  together ; 
these  have  had  to  be  taken  in  consideration  for  the  construction  and 
excavation  of  the  bed  with  idea  of  their  position  and  utility.  The  high 
waters  are  kept  back  by  the  dikes  which  have  been  regulated  or 
advanced  in  different  directions  since  they  have  been  built  50  or  60 
years  ago.  The  depths  of  the  navigable  channel  are  very  different,  but 
still  do  not  go  above  4  to  5  metres  during  low  water.  The  water  has: 

1)  during  the  lowest  water,  that  is  +  0.20  at  the  watermark  at 
Torgau  =  about  0.60  cubic  metres, 

2)  during  average  water,  that  is  +  1.4  metres  at  the  watermark  at 
Torgau  ^  275  cubic  metres. 

8)  During  ordinary  high  spring  water,  that  is  +  6  metres  at  the 
watermark  at  Torgau  =  2000  to  2500  cubic  metres. 


100  metres 
110        „ 
130        „ 
150 


4)  During  the  highest  water  of  September  1890,  that  is  +  7.40  metres 
at  the  watermark  at  Torgau  =  4450  cubic  metres. 

The  ordinary  fall  of  the  bed  is  0.000272  per  metre. 

The  river  gives  in  the  upper  part,  sandy  earth  and  subsequently 
gravel. 

The  means  of  study. 

The  means  to  stud}'  the  connection  between  the  primitive  bed  of  the 
river  and  the  navigable  channel  can  be  taken  from  the  map  of  the  Elbe 
containing  the  corrected  lines,  scale  1  :  5000  and  also  series  of  sounds 
of  dififerent  years. 

These  are  of  recent  date  and  permit  to  see  the  curves  of  certain  parts 
of  the  current.  In  drawing  on  transparent  paper  raduises  of  different 
sizes  and  fitting  these  on  the  maps  of  the  river,  the  sizes  and  develop- 
ment of  some  of  the  curves. 

The  primitive  riverbed,  by  this  experiment,  seems  to  be  composed  of 
straight  lines  and  curves. 

In  reality  this  manner  of  compositing  has  only  in  a  few  cases  the 
preference.  Practical  rules  or  precise  instruction  for  the  distribution  of  a 
curve  do  not  exist  for  the  Elbe.  The  corrected  lines  follow  the  primitive 
plan  in  their  cut;  the  spaces  among  one  another  are  disposed  between 
different  curves  in  the  same  circle  according  to  the  sight  of  the  outline. 
An  effort  seems  to  have  been  made  to  avoid  straight  lines  especially  when 
these  were  between  two  curves  in  the  same  direction  as  experience  shows . 
that  on  these  points  the  current  has  a  tendency  to  wind  and  form  bad 
passages.  Another  effort  consists  in  avoiding  as  much  as  possible  circular 
curves  when  the  position  allows  it  without  making  too  much  expense- 
It  must  also  be  considered  that  embankments  must  not  be  constructed 
too  low  otherwise  they  have  not  weight  enough  and  also  that  the  cor- 
rected shores  must  be  paralell  to  these.  The  embankments  must  be  as 
much  as  possible  of  the  same  height. 

These  different  considerations  give  to  the  primitive  bed  different 
changes  and  forms  that  are  difiicultly  demonstrated  by  circles.  Notes  on 
curves  can  only  be  obtained  by  measurements  on  the  discussed  places 
and  this  has  been  impossible  on  account  of  the  want  of  time.  But  still 
to  be  able  to  fill  this  first  and  important  condition  a  space  of  the  river 
of  8.66  kilometres  in  length  full  of  changes  in  direction  has  been  chosen ; 
notes  have  been  made  on  three  bends  following  one  another.  These 
notes  are  taken  from  the  middle  stream.  As  to  the  depth  of  the  channel 
the  measurements  have  been  taken  by  sounds.  Yearly  since  1888  these 
have  been  made  during  low  water  by  Ste<;her's  sounding  instrument  on 
the  whole  course  of  the  Elbe.  This  instrument  has  been  described  in  the 
Centralblatt  der  Bauverwaltung  in  1886;  this  is  how  it  is  composed. 


A  double  armed  lever  is  fixed  between  two  boats  tied  together;  one 
arm  is  long  and  has  a  cycloid  form  which  drags  on  the  bed  of  the 
river,  while  from  the  other  arm  a  role  of  paper  unfolds  itself  and  notes 
the  depth  of  the  water.  The  scale  of  reduction  for  the  depth  is  1 :  50  and 
is  conform  to  the  length  of  the  lever  arm. 

The  measure  of  the  length  depends  on  the  speed  of  the  movement  of 
the  boats  and  of  the  unfolding  of  the  role  of  paper.  This  varies  between 
1  :  3000  and  1  :  5000.  From  distance  to  distance  2  to  500  metres  fixed 
points  are  noted  on  the  paper  role,  for  instance,  corners  of  shores, 
pillars,  etc.;  by  a  special  mechanism  to  register  these  marked  places. 

As  to  the  soundings  some  of  the  most  important  during  low  water 
have  been  chosen. 

Here  are  5  examples. 


DATE. 

• 

Height  of  water  at  the  watermarks. 

N**. 

Miihlberg. 

Torgau. 

Wittenberg. 

1 
2 
3 

5 

September 1883 

August 1885 

October 1887 

November 1889 

August 1892 

1,07 
0,60 
0,66 
1,02 
0,63 

0,66 
0,27 
0,34 
0,81 
0,25 

1,10 
0,62 
0,46 
1,35 
0,67 

At  each  distance  of  50  metres  a  sound  was  taken  and  noted  on  a 
table.  Thus  for  the  5  sounds  of  145  kilometres  an  evaluation  of  14500 
sounds  was  taken.  Of  the  5  measurements  on  each  point  the  average 
was  noted.  No  reduction  was  allowed  for  fixed  waters,  the  original 
measurements  have  remained  without  being  changed. 

Therefore  the  average  depths  of  the  channel  are  not  based  on  the 
lowest  but  on  the  average  position  of  the  low  waters. 

The  average  deepest  measurements  do  not  perhaps  give  the  real  greatest 
depths  but  a  little  less.  It  is  not  possible  to  convey  the  instrument 
always  on  the  deepest  parts  of  the  channel  although  the  greatest  precau- 
tions were  taken.  Sometimes  the  instrument  follows  the  convex  sand 
embankments  too  near  and  at  other  times  passes  over  the  places  of 
anchorage  near  the  quays  or  else  it  crosses  the  passage  a  little  above 
or  under  the  current.  These  irregularities  are  possible  in  some  cases. 
Therefore  the  average  of  five  dififerent  sounds  were  taken. 

The  depths  found  were  graphically  noted,  the  surface  of  the  water 
taken  as  horizontal.  The  measures  of  the  length  1  :  20000,  height  1  :  20. 

If  any   analogy   existed   between   the   depth   of  the   channel  and  the 


curve  of  the  middle  stream  it  would  have  been  proved  when  these 
measures  were  noted.  The  size  of  the  curve  being  proportionate  to  the 
contrary  value  of  the  radius  and  to  avoid  to  write  decimal  the  following 
way  of  calculation  was  used. 

1000 

c  =  

r 

and  the  depth  found  was  noted.  If  the  concave  form  was  on  the  right 
or  left  the  value  of  c  was  written  down  underneath  or  above  the 
horizontal. 

The  following  diagram  of  curves  and  depths  in  the  Elbe  from  Muhl- 
berg  to  Rosslau  121  to  266  kilometres  was  the  result. 

Fargue's  precept. 

In  the  Annales  des  Fonts  et  Chauss^es  of  the  year  1868  page  49 
Mr.  Fargub  proposed  6  precepts  for  the  comparison  between  curves  and 
the  line  of  middle  stream  and  the  depth  of  the  channel;  these  will  be 
examined. 

I.  Precept  of  digression :  The  great  and  small  depths  are  fonnd 

under  great  and  small  curves. 

In  a  treatise  published  by  the  „Annales  des  Fonts  et  Chau8s6es"  in  the 
year  1882  page  315  Mr.  Fargue  gave  the  measure  2  Z,  that  is  the  double 
width  of  the  passage  of  the  stream,  at  places  where  the  river  is  more 
or  less  deep  up  stream  of  corresponding  great  or  small  curves. 

A  well  known  fact  results  from  the  diagram  of  synoptical  curves  and 
depths  that  greater  depth  is  found  in  a  bend  than  in  the  straight  lines  or 
these  were  the  bend  begins.  A  reduction  of  the  depth  is  found  on  the 
right  side  between  two  curves  having  the  same  direction.  That  is  why 
Mr.  Faroub  fixed  points  of  inflexion  and  surflexion  next  to  one  another. 

If  the  parts  of  the  current  are  divided,  where  in  the  diagram  the  curves 
k  seem  null,  and  these  divided  parts  considered  as  being  the  smallest 
curves,  the  result  of  the  diagram  is  that  the  parts  where  the  smallest 
depths  exist  have  undergone  a  displacement  towards  the  upper  part  of 
the  current.  But  still  great  differences  exist  for  some. 

In  97  cases  7  have  undergone  a  displacement  towards  the  upper  current 
to  an  extent  of  110  metres;  and  4  have  undergone  comparatively  no 
displacement.  With  the  86  remaining  cases  a  displacement  can  be  noted 
downwards  the  current  to  an  extent  of  595  metres.  Ten  of  these  have 
undergone  a  displacement  of  more  than  400  metres  and  even  in  these 
cases  it  is  apparent  that  this  great  extent  is  yet  divided. 

But  in  examining  on  the  precise  part  of  the  divided  parts  under  the 
point  of  the  tangent  no  accord  is  found.  It  is  hoped  that  these  irregulari- 
ties  will  be  effaced  by  the  expression  of  averages  of  the  following  table. 


TABLE  no.  I.    Displacement  of  the  greatest  and  smallest  depths  at 
the  greatest  and  smallest  curves. 


Distance 

Length 
(distance). 

Displacement. 

• 
Length 

Number. 

from 
kilometres. 

to 
kilometres. 

of 

smallest 

depth. 

of 

greatest 

depth. 

(straight 
line). 

1. 

120,80 

122,65 

1850 

+  595 

H-  470 

710 

2. 

122,65 

123,47 

820 

+  290 

+  310 

3. 

123,47 

125,10 

1630 

+  545 

+  730 

700 

4. 

125,10 

126,10 

1000 

-h    60 

H-    30 

360 

5. 

126,10 

127,55 

1450 

20 

+  260 

140 

6. 

127,55 

129,25 

1700 

4-  190 

4-  400 

140 

7. 

129,25 

130,^ 

1100 

« 

+  350 

H-    60 

320 

8. 

130,35 

131,50 

1150 

+  240 

4-    40 

200 

9. 

131,50 

132,50 

1000 

4-  200 

4-    90 

240 

10. 

132,50 

133,50 

1000 

+  280 

H-  140 

200 

11. 

133,50 

133,90 

400 

+    90 

— 

210 

12. 

133,90 

135,70 

1800 

+  270 

+  300 

480 

13. 

135,70 

136,40 

700 

+  225 

4-  280 

160 

14. 

136,40 

137,03 

630 

H-  440 

4-  220 

90 

15. 

137,03 

137,40 

370 

-h     75 

0 

140 

16. 

137,40 

138,55 

1150 

+  240 

4-  270 

0 

17. 

138,55 

140,45 

1900 

H-  185 

H-  130 

370 

18. 

140,45 

141,20 

750 

4-  120 

+  150 

490 

19. 

141,20 

143,35 

2150 

H-  260 

—  125 

240 

20. 

143,35 

144,55; 

1200 

4-  200 

4  200 

260 

21. 

144,55 

146,05 

1500 

0 

130 

240 

22. 

146,05 

148,17 

2120 

H-  170 

4.  190 

210 

23. 

148,17 

150,22 

2050 

+  580 

+  300 

250 

24. 

150,22 

151,70 

1480 

+  150 

4.  300 

290 

25. 

151,70 

153,20 

1500 

+    20 

0 

550 

26. 

153,2Q 

154,48 

1280 

— 

+  250 

990 

27. 

154,48 

156,25 

1770 

— 

— 

28. 

156,25 

157,75 

1500 

+  230 

-h  330 

710 

29. 

157,75 

160,— 

2250 

4.  350 

4-  250 

400 

30. 

160,— 

160,65 

650 

— 

+  230 

500 

31. 

160,65 

162,02 

1370 

+  120 

+  440 

200 

32. 

163,45 

164,20 

750 

—  110 

4-  350 

260 

33. 

164,20 

165,60. 

1400 

H-  200 

H-  290 

70 

8 


Dist 

ance 

Length 
(distance). 

Displacement 

Lenght 

Nnmber. 

from 
kilometres. 

to 
kilometres. 

of 

smallest 

depth. 

of 

greatest 

depth. 

(straight 
line). 

34. 

165,60 

166,65 

1050 

+  220 

+      0 

260 

35. 

166,65 

168,45 

1800 

H-    50 

—    60 

380 

36. 

168,45 

170,95 

2500 

0 

+    60 

500 

37. 

170,95 

173,35 

2400 

+  210 

4-  220 

150 

38. 

173,35 

174,00 

650 

+  200 

+  300 

150 

39. 

174,00 

174,75 

750 

+  120 

0 

170 

40. 

174,75 

175,95 

1200 

+    70 

+  140 

120 

41. 

175,95 

177,00 

1050 

+  150 

0 

— 

42. 

177,00 

180,25 

3250 

+  110 

0 

0 

43. 

180,25 

181,30 

1050 

—    80 

—    40 

170 

44. 

181,30 

183,60 

2300 

—    60 

0 

510 

45. 

183,60 

184,80 

1200 

— 

— 

— 

46. 

184,80 

187,35 

2550 

+  500 

+  300 

— 

47. 

187,35 

188,15 

800 

+  460 

+  500 

460 

48. 

188,15 

188,95 

800 

+    80 

+  280 

390 

49. 

188,95 

190,45 

1500 

+  330 

+  370 

550 

50. 

190,45 

192,35 

1900 

+    80 

-    30 

250 

51. 

192,35 

193,30 

950 

+    70 

+    90 

230 

52. 

193,30 

194,85 

1550 

+  450 

—    50 

450 

53. 

194,85 

195,50 

650 

+  150 

H-  120 

0 

54, 

195,50 

196,25 

750 

— 

4-  270 

1060 

55. 

196,25 

198,45 
1—55:  a 

2200 
iverage: 

+  380 

+  440 

660 

+  201 

+  187 

56. 

198,45 

200,80 

2350 

+  260 

H-  100 

320 

57. 

200,80 

202,70 

1900 

+  380 

— 

0 

58. 

202,70 

204,15 

1450 

+  340 

4-  250 

0 

59. 

204,15 

205,90 

1750 

H-  130 

— 

0 

60. 

205,90 

207,10 

1200 

+  180 

+  280 

0 

61. 

207,10 

208,05 

950 

+  270 

+  420 

250 

62. 

208,05 

209,00 

950 

+  230 

+  200 

550 

63. 

209,00 

210,15 

1150 

^-  300 

— 

110 

64. 

210,15 

211,40 

1250 

+  250 

+  260 

260 

65. 

211,40 

212,05 

650 

+  300 

+  320 

520 

66. 

212,05 

213,85 

1800 

+  420 

+  320 

400 

67. 

213,85 

214,90 

1050 

—    60 

i-  300 

590 

68. 

214,90 

215,95 

1050 

+  130 

— 

180 

Diet 

ance 

Length 
(distance). 

Displacement. 

Length 

Namber. 

from 
kilometres. 

to 
kilometres. 

of 

smallest 

depth. 

of 

greatest 

depth. 

(straight 
line). 

60. 

215,95 

217,25 

1300 

+  230 

4-  260 

.— 

70. 

217,25 

219,50 

2250 

+  120 

+      0 

0 

71. 

219,50 

221,90 

2400 

H-  100 

160 

0 

72. 

221,90 

223,55 

1650 

4-  200 

+  270 

0 

73. 

223,55 

225,90 

2350 

+  260 

4  260 

320 

74. 

225,90 

227,80 

1900 

+      0 

4.  410 

200 

75. 

227,80 

229,60 

1800 

+  210 

+      0 

210 

76. 

229,60 

230,60 

1000 

+  380 

H-  210 

270 

77. 

230,60 

231,80 

1200 

+  400 

4.  560 

0 

78. 

231,80 

233,85 
56-78:  . 

2050 
average: 

f  300 

+  200 

340 

4-  232 

4.  236 

" 

79. 

233,85 

236,00 

2150 

+  110 

— 

500 

80. 

236,00 

238,05 

2050 

+  360 

+  320 

160 

81. 

238,05 

239,35 

1300 

— 

H-  350 

810 

82. 

239,35 

240,30 

950 

+  300 

4-  400 

210 

83. 

240,30 

241,65 

1350 

+  120 

-  260 

580 

84. 

241,65 

243,25 

1600 

+  190 

4-    60 

460 

85. 

243,25 

245,85 

2600 

—    90 

4-  150 

620 

86. 

245,85 

247,85 

2000 

—    20 

4-  280 

0 

87. 

247,85 

250,00 

2150 

—  290 

+  340 

180 

88. 

250,00 

251,45 

1450 

+  250 

4  150 

400 

89. 

251,45 

252,25 

800 

+    50 

+  220 

0 

90. 

252,25 

253,30 

1050 

+  430 

H-  260 

0 

91. 

253,30 

253,90 

600 

+  440 

H-  430 

410 

92. 

253,90 

254,50 

600 

4-  290 

H-  260 

0 

93. 

254,50 

255,30 

800 

H-  300 

+  290 

160 

94. 

255,30 

255,70 

400 

+  200 

+  120 

0 

95. 

255,70 

256,40 

700 

H-  310 

+  300 

180 

96. 

256,40 

258,05 

1650 

4-  250 

— 

840 

97. 

258,05 

259,25 
79—97:  i 

1200 
%veras:e : 

+  200 

4-  260 

300 

-^221 

+  231 

98. 

259,25 

260,10 

850 

H-  300 

4.  280 

180 

99. 

260,10 

260,95 

850 

H-  280 

H-  390 

— 

100. 

260,95 

261,75 

800 

+  370 

4  360 

240 

101. 

261,75 

263,25 

1500 

4-    80 

+  470 

630 

102. 

263,25 

264,75 

1500 

+    80 

4-  420 

350 

103. 

264,75 

265,45 

700 

4-    50 

-  180 

200 

98—103:   average:    -^193       -^290 

108:  general  average:  211,2        211,0 
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It  is  curious  to  notice  that  although  great  differences  in  the  measure- 
ments exist,  the  average  gives  nearly  exactly  the  double  width  of  the 
river  211,2  kilometres.  On  the  distance  above  121  kilom.  to  198,5  kilom. 
the  width  is  100  metres  while  the  distances  between  1  and  65,  the 
distance  of  displacement  of  the  smallest  depth  is  201  metres,  thus  also 
the  double  width  of  the  river.  From  198.5  kilom.  to  233  kilometres  the 
width  is  110  and  the  displacement  232  kilometres.  Therefore  the  essays 
prove  that  the  average  approaches  the  double  width.  The  same  compa- 
rison may  be  noticed  in  considering  the  relation  between  the  greatest 
depth  and  the  greatest  curve.  Also  from  the  middle  point  of  the  greatest 
curve  to  the  extreme  point  of  displacement,  the  distance  of  the  greatest 
depth  varies  in  some  cases  from  —  260  to  4-  730  metres.  The  displace- 
ment down  the  current  must  also  be  taken  in  consideration.  The  average 
of  94  cases  is  211  metres  therefore  as  much  as  the  average  displacement 
of  the  smallest  depth. 

High  waters  that  influence  in  some  cases  the  regularity  in  the  relation 
between  the  primitive  depth  of  the  stream  and  the  depth  of  the  channel 
have  no  more  that  influence  in  the  mouth  of  a  river. 

The  first  precept  of  Mr.  Fargue  and  a  quantity  of  demonstrations 
show  that  the  Elbe  also  endeavours  to  form  at  its  smallest  and  greatest 
depth  the  double  width  below  its  smallest  and  greatest  curve. 

2)    Lol  da  la  Moullle:  a  large  curve  forms  also  greater  depths. 

Mr.  Fargue  declares  that  on  the  Garonne  a  great  curve  gives  by  a 
a  similar  function  a  great  depth.  But  still  in  very  long  curves  or  very 
short  ones  there  are  exceptions.  In  order  to  try  this  rule  for  the  Elbe 
the  great  curves  have  been  grouped  with  great  depths  in  following  the 
order  of  their  length  in  kilometres  from  0  to  0.25,  0.26  to  0.50,  0.50 
to  0.75  and  so  on. 

The  average  was  then  taken  for  each  group  in  order  to  see  if  really 
there  existed  any  relation  in  these  averages.  The  following  table  was 
formed  to  enable  an  easy  examination. 
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This  document  points  out  actually  that  with  great  curves  the  depth 
increases  also.  But  the  relation  is  not  so  significative  as  in  certain  cases 
difierences  exist.  M.  Fargue  found  degressions  also  in  his  table  for  the 
Garonne.  For  the  normal  reconciliation  of  this  theme  he  expresses  a 
term  of  third  degree.  To  determine  a  mathematical  Elocution  as  the 
average  pronounced  comparison,  for  the  Elbe,  the  straight  line  would  seem 
more  correct  than  the  conic  section. 

The  incertitude  is  still  greater  if  instead  of  taking  the  average,  each 
result  in  the  table  is  chosen  separately. 

M'  Fargue  found  a  reason  for  these  differences  and  founded  there  on 
his  third  precept. 

3.  To  the  advantage  of  depth  a  ciA^ve  must  not  be  too  long  neither 

too  short. 

In  accordance  with  this  precept  he  found  that  the  average  of  1330 
metres  is  in  proportion  with  the  middle  length  chosen. 

For  the  Elbe  in  the  103'<*  division  the  average  is  of  1404  metre;  in 
consequence  the  difference  with  the  Graronne  is  not  great. 

But  the  influence  of  the  distance  I  on  the  digression  of  the  greatest 
average  depth  has  not  been  shown  here.  The  length  of  the  curve  seems 
to  be  equal  for  the  small  depth  of  the  channel.  There  seem  to  be  other 
reasons :  for  instance  the  distance  of  the  current  from  the  dike  or  the 
crossing  of  the  current  with  the  one  of  the  tide  or  the  direction  of  the 
river  bed. 

As  for  the  Elbe  the  studies  can  be  resumed  as  follows :  that  the 
channel  is  so  much  more  deep  as  the  current  is  strong  at  curves. 

If  the  third  precept  be  based  on  the  idea  that  for  the  formation  of  a 
riverbed  too  long  or  too  short  curves  must  be  avoided  so  that  the  neces- 
sary depth  remains  unchanged  it  would  be  supposed  that  during  the 
enterprise  to  regulate  a  river  all  would  be  done  to  avoid  unnecessary 
depths  and  no  efforts  would  be  made  to  obtain  necessary  depth. 

4.  Lol  de  Tangle.  The  extreme  angle  of  the  final  tangent  of  a  eurve, 

divided  by  the  length  of  the  curve  givee  the  average  depth  of 

the  curve  formed  by  the  river. 

To  use  this  precept  for  the  Elbe  it  would  be  necessary  to  take  by  a 
graded  transporteur  the  diversion  of  the  middle  line,  the  extreme  angle 
of  the  final  tangent  and  the  measurement  in  circle  calculated  as  radius  I 
This  only  value  should  then  be  divided  by  the  width  of  the  stream, 
and  add  the  result  to  the  middle  depth  and  the  divided  width. 

In  dividing  this  combination  again  in  separate  groups  of  0  to  0.25, 
0.25  to  0.50,  0.50  to  0.75  each  group  becomes  an  average  value,  which 
resolves  the  existing  relation.  A  graphical  application  of  the  essays  and 
average  produces  will  be  found  here  after  to  facilitate  conclusions  and 
to  enable  an  opinion  to  be  formed. 
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TABLE  n^  3 :   Group  of  the  average  curves  ir„  and  where  the  average 

depths  are  found  4i- 


I. 


'Tn 


0,2i5 
0,079 
0,243 
0,il9 
0,067 
0,200 
0,221 
0,243 
0,408 
0,086 
0,231 
0,200 
0,103 


«m 


II. 


'm 


'm 


1,863  0,400 
1 ,469  0,437 
1,5450,500 
1,4230,498 
1,704  0,350 
1,8290,458 


1,761 


1,654  0,483 
1,633  0,280 
1,646  0,430 
1,7660,329 
2,132  0,400 
1,640 


0,467 


III. 


"m 


1,671  0,700 
1,8540,636 
1,941  0,540 
1,7790,587 
1,4540,667 
1,8280,561 
1,7990,628 
1,704  0,580 
1,8180,573 
1,9000,656 
1,6750,634 


2,037 


0,725 
0,677 
0,661 
0,536 
0,667 
0,569 
0,550 
0,660 


*m 


IV. 


'm 


1,9180,770 
1 ,987  0,924 
1,9290,760 
1,9980,750 


2,187 


0.806 


1,9360,861 


2,204 


0,805 


2,254  0,753 


1,927 


0,947 


1,621 


1,843 


1,9360,831 
1,8330,761 


0,779 


1,8450,886 
1,7280,905 
1,9100,846 
1,9070,867 


0,954 


1,9100,989 
2,225  0,946 
0,814 
0,905 
0,874 
0,956 
0,988 
0,750 


■■m 


V. 


*m 


1,835 

2,' 

1, 
1,377 

1,984 

1,743 

1, 
1 


,0421 
8691 


9051 


8141 


2,000 


.8991 


.0371 


,8601 


2, 
1,841 

ly 
1,891 

1,891 

1,683 

1,912 

2,109 

2,123 

1,755 

1 

2,082 

2,059 

2,228 

2,267 


.9201 


,148 
,146 
,110 
,057 
,015 
,058 
,143 
,173 
,116 
,134 
,164 
,026 
,080 
,058 
,121 
,138 
,050 
,212 
,663 
,127 
,187 


"m 


.7461 


,6761 
,9391 


,9801 


1,887 
2,291 
2,077 

1, 
2,041 

1,980 
2,031 
2,025 
1,888 
2,020 
1,989 


1,94^ 


2,351 
1,980 
2,231 
2,260 
2,031 


2,223 


VI. 


"m 


,371 
1,300 
1,280 
1,289 

,325 

,293 
1,381 

,459 


8361 


1,844 
2,011 

1,928 
2,087 
2,216 
2,338 
2,069 


VII. 


"m 


1,526 

1,524 

679 


*m 


VIII. 


'rm 


8561 


2,135 


2,84 


,841 
1,933 


"in 


2,106 
2,216 


IX. 


'm 


2,069 


"m 


2,421 


Iftrige:  0,1 63|l  ,697b,41 9|l  ,788b,618ll  ,952|o,&S7|  1 ,026h  ,115|2,029ll  ,337 12,041  |l  ,576|2,091  |l  ,887|2,1 61  b,069|2,421 
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This  table  shows  that  a  similitude  in  the  idea  of  the  above  precept 
does  really  exist.  But  still  great  diiferences  can  be  found  in  the  averages 
and  especially  in  the  simple  produces.  To  use  a  mathematical  expression 
for  these  produces,  a  simple  linear  form  would  express  the  idea  better 
than  the  circular  forms  used  for  the  Graronne.  From  these  digressions 
which  are  often  considerable  the  following  conclusion  would  be  justified: 
that  high  waters  have  more  influence  on  great  middle  depths  than  on 
an  average  depth.  It  is  easily  explained  that  on  a  spot  where  a  small 
depth  exists  the  average  middle  depth  is  otherwise  worked  than  in  a 
sharp  bend  where  strong  waters  heave  up  sands.  One  cannot  expect  great 
exactitude  in  these  cases. 

5.  Loi  de  la  Continuitt.  A  profile  of  the  valley  of  a  river  is  only 
regularly  formed  if  curves  change  repeatedly. 

Each  sharp  bend  is  followed  by  a  sharp  reduction  of  depth.  It  has 
been  shown  by  experiments  made  at  Bordeaux  in  1875  that  the  profile 
of  a  river  fixes  itself  definitely  in  a  bed  when  the  curves  change  con- 
tinually. There  is  no  perceptible  relation  between  the  primitive  form  and 
the  depth  for  a  curved  distance  followed  by  straight  line,  as  on  account 
of  continual  changes  of  bends  the  pesult  is  for  a  reduction  of  a  bend, 
a  reduction  also  of  the  depth  and  an  increase  of  a  bend  also  an  increase 
of  depth. 

The  size  of  bends  having  been  taken  from  spot  to  spot,  these  facts 
could  not  be  verified  on  the  Elbe  and  therefore  the  sudden  changes 
exist  in  the  diagram.  However  variations  in  the  depth  can  be  seen  when 
the  curves  are  abrupt. 

For  these  reasons  curves  have  been  visited  on  the  spot  on  a  small 
irregular  distance  from  kilometres  157.34  to  161.00,  that  is  a  distance  of 
3.66  kilometres.  On  the  right  hand  concave  shore  buoys  were  placed  on 
the  corrected  line  at  equal  distances;  each  buoy  designed  a  measurement 
of  the  corrected  line  to  the  line  of  the  stream. 

If  the  measured  declination  3  is  indicated  by  e,  the  distance  of  the 
measured  declinations  1  and  2  by  a,  the  distance  of  2  and  3  by  &  and 
the  radius  of  the  shore  by  r,  we  have  then  the  abscinded  secant: 

1)  (a  +  6)   •    6  =  (2r  +  0-  « 

and  the  curve  of  the  middle  line  of  the  river  of  100  metres  width 

^^  *-    r±60 

The  result  of  the  combination  of  these  two  proportions 

3^  t-  2000-6 

^  6  .    (a  4- 6)  J:  lOOe  — e« 

That  curve  is  efficacious  for  a  distance  of  Va  (^  +  ^)  ^^^^  is  from  the 

middle  from  above  to  the  middle  distance  from  the  shore. 

The  results  of  measurement  and  reckonings  are  as  follows. 


A  double  armed  lever  is  fixed  between  two  boats  tied  together;  one 
arm  is  long  and  has  a  cycloid  form  which  drags  on  the  bed  of  the 
river,  while  from  the  other  arm  a  role  of  paper  unfolds  itself  and  notes 
the  depth  of  the  water.  The  scale  of  reduction  for  the  depth  is  1 :  50  and 
is  conform  to  the  length  of  the  lever  arm. 

The  measure  of  the  length  depends  on  the  speed  of  the  movement  of 
the  boats  and  of  the  unfolding  of  the  role  of  paper.  This  varies  between 
1  :  3000  and  1  :  5000.  From  distance  to  distance  2  to  500  metres  fixed 
points  are  noted  on  the  paper  role,  for  instance,  corners  of  shores, 
pillars,  etc.;  by  a  special  mechanism  to  register  these  marked  places. 

As  to  the  soundings  some  of  the  most  important  during  low  water 
have  been  chosen. 

Here  are  5  examples. 


DATE. 

• 

Height  of  water  at  the  watermarks. 

N**. 

Miihlberg. 

Torgau. 

Wittenberg 

1 
2 
3 
4 
5 

September 1883 

August 1885 

October 1887 

November 1889 

August 1892 

1,07 
0,60 
0,66 
1,02 
0,63 

0,66 
0,27 
0,34 
0,81 
0,25 

1,10 
0,62 
0,46 
1,35 
0,67 

At  each  distance  of  50  metres  a  sound  was  taken  and  noted  on  a 
table.  Thus  for  the  5  sounds  of  145  kilometres  an  evaluation  of  14500 
sounds  was  taken.  Of  the  5  measurements  on  each  point  the  average 
was  noted.  No  reduction  was  allowed  for  fixed  waters,  the  original 
measurements  have  remained  without  being  changed. 

Therefore  the  average  depths  of  the  channel  are  not  based  on  the 
lowest  but  on  the  average  position  of  the  low  waters. 

The  average  deepest  measurements  do  not  perhaps  give  the  real  greatest 
depths  but  a  little  less.  It  is  not  possible  to  convey  the  instrument 
always  on  the  deepest  parts  of  the  channel  although  the  greatest  precau- 
tions were  taken.  Sometimes  the  instrument  follows  the  convex  sand 
embankments  too  near  and  at  other  times  passes  over  the  places  of 
anchorage  near  the  quays  or  else  it  crosses  the  passage  a  little  above 
or  under  the  current.  These  irregularities  are  possible  in  some  cases. 
Therefore  the  average  of  five  different  sounds  were  taken. 

The  depths  found  were  graphically  noted,  the  surface  of  the  water 
taken  as  horizontal.  The  measures  of  the  length  1  :  20000,  height  1  :  20. 

If  any   analogy   existed   between   the   depth   of  the  channel  and  the 


)rB  Ut  (dudtiT 
Bt  Mkln. 


4,12 

■    1,78 


2,12 

1,04 
0,32 
1,47 

^|~  1,97 
-  4,48 
-21,43 


4  0,909 

160,051 

6» 

+    53,63 

+  1,246 

160,106 

65 

+    68,53 

-1-  0,525 

160,159 
160,209 

63 

+    27,82 

+  0,955 

50 

+   47,76 

-t- 0,882 

160,264 

55 

+   48,51 

+  0,501 

160,356 

92 

+    46,09  1 

+  0,302 

160,452 

% 

+   28,99 

+  0,235 

160,520 

68 

+    15,98 

—  0,050 

160,594 

74 

-      370 

—  0,220 

-    18,04 

-0,351 

160,796 

120 

—  42,12  I 

—  0,569 

160,931 

133 

-    76,82  j 

— 1,896 

+  1,072 
+  0,892 
+  0,784 
+  0,917 
+  0,644 
+  0,398 
+  0,274 
+  0,087 

—  0,139 
-0,29* 

—  0,466 


The  graphical  exposal  of  these  mathematical  experimentB  shows  that 
the  shore  in  that  part  is  quite  irr^ular,  as  it  has  already  been  said, 
chosen  expteesly  for  this  study. 

The  irregularities  are  local  when  great  curves  follow  one  another  in 
direct  and  contrary  way.  Some  are  provoked  by  the  irr^ular  construc- 
tion of  the  shores,  embankments  too  high  or  too  low,  and  others  on 
acconnt  of  the  repeated  changes  of  the  bends.  In  the  mathematical 
exposal  the  levelling  deviation  of  the  curve  is  shown  and  the  union  of 
the  two  bends  that  follow. 

As  it  can  be  seen  at  first  sight  on  the  graphical  reproduction  a 
symetry  exists  between  the  changes  of  curves  and  the  depth  of  the 
channel. 

An  increase  of  the  curve  shows  an  increase  of  the  depth  and  a  decrease 
of  the  curve  also  a  decrease  in  the  depth.  In  consequence  the  precept 
given  above  is  confirmed  here.  Also  the  precept  of  displacement  is 
found  here  i^ain  with  more  regularity  than  in  the  preceding  table. 
The  distance  of  displacement  varies  between  +  150  and  +  S20  with  an 
average  of  227  metres. 


6.    Lol  d«  la  pante  du  fond.  The  tangent  of  a  onrve 
determtnes  for  the  fall  of  tiie  bed. 


With  an  increase  of  a  curve,  an 
and  vice  versa. 

For  the  Elbe  no  other  examples  ca 
unknown. 


)  of  the  depth  is  the  result 
I  be  given  as  the  other  curves  are 
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Between   the   size  of  the   tangent  q  and  the  fall  p  the  following  pro- 
portions exist: 


Curves  kilometres. 

Depth  of  channel 

Station. 

Curves 
Kilome- 
tres. 

Differen- 
ce of  the 
curves. 

Length 

of 
distance. 

Tangent 
1000  cf 

Station. 

Depth 

of 
channel. 

Length 

of 
distance. 

Differen- 
ce in 
depth. 

Fall  of 
the  bed. 

1000  d 

k 

if 

I 

e. 

t 

/ 

d 

«- 

157,56 

0 

157,75 

1,38 

15803 

2,15 

2,15 

470 

4,58 

158,25 

2,10 

500 

0,72 

1,44 

158,45 

0,55 

1,60 

420 

3,81 

158,65 

1,57 

400 

0,53 

1,33 

158,78 

2,40 

1,85 

330     * 

5,61 

158,95 

2,60 

300 

1,03 

3,43 

1 

158,98 

1,10 

1,30 

200 

6,50 

159,30 

2,21 

.350 

0,39 

1,11 

159,28 

2,25 

1,15 

300 

3,83 

159,55 

2,54 

250 

0,33 

1,32 

159,70 

-0,25 

2,50 

420 

5,95 

160,00 

1,39 

450 

1,15 

2,56 

160,08 

1,30 

1,55 

380 

4,08 

160,30 

2,19 

300 

0,80 

2,67 

160,50 

0 

1,30 

420 

3,09 

160,65 

1,71 

350 

0,48 

1,37 

In  general  there  is  an  increase  of  p  and  q^  with  the  exception  of 
N^.  4  which  gives  q  =  6.50  and  p  =  1.11.  For  the  others  an  increase 
or  decrease  of  the  curves  give  increase  or  decrease  of  depth  and  fall. 

The  supposition  of  a  relation  in  that  sense  comes  from  that  comparison 
although  the  examples  do  not  precise  in  what  way  that  relation  exists. 
That  similitude  is  a  logical  result  of  the  above  precept. 

This  study  confirms  in  general  the  appreciations  of  Mr.  Fa  roue.  If 
differences  exist  they  can  be  imputed  on  the  diflBculty  of  making  serious 
observations  on  the  Elbe. 

Changes  of  the  stream  during  low  water. 

Can  it  be  proved  that  during  low  water  in  the  Elbe  there  is  increase 
of  depth  by  the  clearing  of  the  sand? 

Some  observations  have  been  made  during  several  months  in  1889 
with  low  water  at  eight  different  places  and  by  means  of  2  to  3  sounds 
per  week  and  with  a  graded  level  especially  constructed  for  the  cir- 
cumstance. 

In  the  following  results  the  sounds  show  on  one  side  the  greatest 
height  of  the  beds  and  on  the  other  hand  the  average  heights  of  the 
whole  distance  H.  N. 
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TABLE  Ho.  6.    Height  of  water  during  ebb. 
&.    km.  181.3  to.  131,75 


DATE. 

Height 

at  lowest 

level 

Height  in  the 
channel  above  H.N. 

1 

greatest.            iTerage. 

16th  July    1889 

H-   1,06 

+  85,46 

4-  85,20 

18"»     ,         , 

+  1,33 

+  85,55        +  85,17 

aot"    ,  .    , 

+    1,42 

+  85,53        -4-  85,15 

1 

231      ,         , 

. 

-h   1,13 

H-  85,60 

4-  85,08 

as""    ,      , 

+  1,03 

-f-  85,60 

4-  86,00 

so*    ,      , 

4-  1,13 

+  85,61     ,    -h  84,96 

2d  August  1889 

+  1,65 

+  85,64 

+   85,16 

8*"     , 

. 

-h   1,38 

-h  85,50        -h  85,16 

»"•     , 

+  1,06 

-h  85,56 

+   84,99 

IS"-  .  , 

+  0,97 

H-  85,57 

4-  85,07 

let"    , 

-h  0,86 

+  85,55        -h  85,06 

21"'      , 

-h  0,86 

-h  85,58 

4-  85,12 

z**^    » 

+  0,86 

+  85,58 

4-  84,97 

27*     , 

4-  0,78 

+  85,59 

4-  84,99 

80*»»     , 

-h  0,84 

-f-  85,60 

4-  85,03 

2d  September  1889 

-f-  0,89 

+  85.60 

4-  85,02 

6*        , 

+  0,77 

-h  85,60 

4-  84,99 

lit"        ,              ,    . 

+  0,71 

4-  85,64 

4-  85,05 

IS*        , 

-h  0,71 

-h  85,64 

4-  85,04 

"t"        , 

H-  0,71 

+  85,55 

4-  84,96 

20*        , 

+  0,74 

H-  85,56 

4-  85,02 

b. 

1 

km.  155,5 

1 

to  km.  156,0 

DATE. 

Height 

at  lowest 

level. 

Height  in  the 
channel  above  H.  N. 

greatest. 

average. 

18ii>  August  1889 

+   0,52 

-h  79,12 

4-  78,90 

IS*        ,          ,    . 

+  0,48 

-4-  79,20 

4-  78,90 

20">        ,          „     . 

-h  0,50 

H-  79,05 

4-  78,90 

23*        „ 

H-  0,48 

-h  79,13 

4-  78,93 

27*        , 

+  0,40 

4-  79,09 

4-  78,88 

30*        , 
3d  September  181 

)9, 

-h  0,38 
H-  0,46 

+  79,02 
4-  79,10 

4-  78,88 
4-  78,92 

6*           , 

+  0,38 

4-  79,27 

4-  78,91 

10* 

-h  0,32 

4-  79,10 

4-  78,89 

14* 

-H  0,34 

4-  79,07 

4-  78,88 

17* 

+  0,36 

4-  79,08 

4-  78,90 

21*          . 

+  0,38 

4-  79,06 

4-  78,89 

24*          . 

-h  0,44 

4-  79,19 

4-  78,91 

28*          » 

1    • 

H-  0,76 

4-  79,11 

4-  78,93 
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c.    km.  210,0  to  km.  210,6 


DATE. 

Height 

at  lowest 

level. 

Height  in  the 
channel  above  H.  N. 

greatest. 

average. 

27ti>  August  1889 

+  0,76 

-+-  67,15 

+  66,88 

SOW        „          ,         . 

•                 1 

H-  0,76 

+  67,03 

H-  66,84 

3d  September  1889 

+  0,86 

-+-  67,10 

+  66,88 

e'" 

+  0,75 

+  66,99 

H-  66,87     1 

9^ 

-h  0,70 

H-  67,19 

-h  66,90 

IS""          , 

-4-  0,66 

4-  66,97 

H-  66,77 

W"" 

+  0,68 

-+-  67,04 

+  66,82 

20a>          , 

+  0,70 

H-  67,04 

H-  66,78 

28*»« 

H-  0,77 

-h  66,86 

H-  66,70 

27"'        •, 

+  1,00 

+  67,09 

-h  66,80 

d.    km.  283,01  to  km.  283,25 


• 

DATE. 

Height 

at  lowest 

level. 

Height  in  the 
channel  above  H.  N. 

greatest. 

average. 

19tb  August  1889 

H-  0,62 

52,14 

52,05 

21*      , 

H-  0,58 

52,11 

52,04 

23d       ,            „     .    . 

+  0,59 

52,10 

52,02 

26*      , 

+  0,55 

52,03 

52,02 

28"'      , 

H-  0,48 

52,05 

52,01 

sot"     , 

-f-  0,49 

52,04 

52,01 

8d  September  1889  . 

-h  0,60 

52,17 

52,10 

4*^        , 

H-  0,55 

52,17 

52,10 

e*      , 

+  0,50 

52,18 

52,11 

»»"      , 

+  0,48 

52,17 

52,11 

ii"*      . 

+  0,38 

52,19 

52,15 

18*        , 

-f-  0,38 

52,25 

52,16 

16«>        ,             ,     . 

-f-  0,88 

52,24 

52,14 

JS"*        . 

-h  0,38 

52,25 

52,13 

20*        , 

+  0,39 

52,22 

52,16 

2*> 

+  0,43 

52,22 

52,15 

26*        , 

-+-  0,48 

52,23 

52,14 

27*        , 

+  0,54 

52,24 

52,14 
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e.    km.  302,0  to  km.  302,3 


DATE. 

Height 

at  lowest 

level. 

Height  at  the 
channel  above  H.N. 

greatest. 

average. 

26i>>  Augn8t  1889 

+  0,66 

4-  48,83 

— 

as*       „       ,     .    , 

+  0,68 

48,80 

— 

30U>         ,        „      . 

+  0,68 

48,73 

8^  September  1889 

-h  0,61 

48,70 

St"        , 

-h  0,56 

48,78 

7*"        , 

+  0,56 

48,81 

"«>        , 

+  0,46 

48,69 

— 

IS""        . 

" 

+  0,43 

48,73 

— 

ai-»       , 

-f-  0,38 

48,67 

24th        , 

.     i    +  0,57 

48,66 

• 

26*        ,              ,     . 

-h  0,52 

48,61 

— 

28"'        , 

-h  0,62 

48,64 

— 

/.    km.  344,6  to  km.  344,95. 


DATE. 


27th  August  1889  . 
29U1       „         ,        . 

3d   September  1889 

5th 

7th 

9th 
12th 
14th 
17th 
19th 
2l8t 
24th 
26th 
28th 
30th 

2<i    October  1889. 

4th 


n 

V 

n 
n 
n 


» 
n 
m 
ft 
It 
n 
y> 
n 


Height 

at  lowest 

level. 


Height  in  the 
channel  above  H.  N. 


greatest. 


4-  0,66 

40,07 

89,55 

-H  0,62 

40,02 

39,57 

-1-  0,62 

40,07 

39,60 

-h  0,66 

40,07 

39,55 

H-  0,63 

40,02 

39,63 

+  0,58 

39,94 

39,54 

+  0,55 

40,12 

39,64 

+  0,47 

40,08 

39,47 

+  0,47 

40,03 

39,47 

-♦-  0,45 

40,01 

39,48 

-H  0,44 

89,95 

39,43 

+  0,44 

40,05 

39,50 

+  0,47 

40,04 

39,50 

+  0,50 

40,06 

39,49 

+  0,60 

40,01 

39,50 

-h  0,78 

40,02 

39,53 

-h  1,10 

40,04 

39,54 

-f-  1,60 

40,02 

39,54 

average. 
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g.    km.  326,0  to  km.  326,30. 


DATE. 


Height 

at  lowest 

level. 


Height  in  the 
channel  above  H.  N. 


greatest. 


average. 


22d   Jaly  1889 

27th 
29th 

2<)   AugnBt  1889 
5th 


n 


n 

7) 


9 


n 
u 

n 
*) 


n 
n 


7th 

9th 
12th 
14th 
16th 
19th 

2l8t 

23d 
26th 
28th 
30th 

2d   September  1889 
41  h 

6ih 

9th 

nth 

18th 

16th 

23d 

25th 

27th 

80th 


n 
» 
n 

n 
r» 


2d   Ootober  1889. 
4th         , 


1,20 
1,18 
1,04 
1,00 
1,04 
1,04 
1,20 
1,18 
1,16 
1,00 
0,90 
0,96 
+  0,96 
-I-  0,92 
+  0,92 
+  0,92 
-h  0,82 
-¥  0,86 
-h  0,90 
-H  0,88 
-h  0,86 
-h  0,80 
-H  0,74 
-+-  0,70 
-i-  0,74 
H-  0,76 
-i-  0,80 
-+-  0,80 
H-  0,96 
-h  1,16 
4-   1,66 


44,14 
44,12 
44,11 
44,07 
44,05 
44,08 
44,04 
43,99 
48,98 
44,01 
44,04 
43,98 
44,00 
43,96 
43,96 
43,96 
43,96 
43,97 
43,94 
43,92 
43,90 
43,84 
43,78 
43,84 
43,85 
43,87 
43,81 
48,81 
43,90 
43,87 
44,00 


43,98 
48,96 
43,97 
43,90 
43,89 
43,92 
43,90 
48,86 
43,84 
43,84 
43,93 
43,87 
43,86 
43,82 
43,82 
43,81 
43,81 
43,82 
43,81 
43,76 
43,77 
43,73 
43,70 
43,73 
43,70 
43,72 
43,68 
43,68 
43,67 
43,68 
43,69 
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h.    At  MMlicher  Werder. 


DATE. 

Height 

at  lowest 

level. 

Height  in  the 
channel  above  H.  N. 

greatest. 

average. 

26ti>  Augast  1889.     .    .    . 

-H  0,85 

15,95 

15,72 

29*       ,          «      .    . 

• 

+  0,85 

15,96 

15,75 

2d   September  1889. 

t 

4-  0,75 

15,91 

15,66 

B*          , 

• 

4-  0,75 

15,92 

15,66 

7*          ,            ... 

1 

H-  0,75 

15,92 

15,67 

9*          , 

1          1 

-*-  0,74 

15,91 

15,67 

lat"       ,         ,   .   . 

1 

-+-  0,67 

15,85 

15,60 

l^'"          .             ,     • 

1         < 

H-  0,63 

15,82 

15,56 

16"'          ,             ,     .    . 

+  0,62 

15,86 

15,58 

19«>          ,            „     .    . 

• 

+  0,61 

15,87 

15,58 

ai't       „         »   . 

►          1 

I            ■ 

+  0,63 

15,88 

15,61 

Low  waters  deepen  the  bed  very  little,  but  still  more  on  the  lower 
parts  of  the  river  on  account  of  the  clearing  of  the  sands.  The  varia- 
bleness of  the  middle  point  of  the  navigable  channel  is  greater  than  in 
its  greater  height.  This  has  been  shown  by  the  sounds;  the  circumstances 
that  occasion  the  difference  is  that  during  low  water  the  banks  of  the  . 
bed  are  more  perpendicular  than  during  high  waters.  These  banks  con- 
centrate the  more  when  the  fall  is  great  the  channel  is  more  accentuated. 
With  high  water  the  banks  form  themselves  less  straightly  and  the 
channel  is  consequently  less  deep. 

It  may  be  that  the  depth  of  the  channel  is  only  apparent  on  account 
of  the  moving  sands  covering  the  declivities.  At  the  mouth  of  the  Elbe 
the  constant  movement  of  the  sand  banks  can  be  easily  seen.  The  forms 
of  the  current  and  shores  show  positively  that  at  different  places  the 
sand  banks  go  from  one  side  to  the  other.  During  high  waters  the  bed 
grows  in  height  while  with  ebb  tide  the  sand  moves  more  slowly  untill 
the  turn  of  tide.  That  is  how  the  movements  of  sand  banks  can  be 
explained, 

The  dependence  of  the  channel  on  the  bed  of  the  river  shows  itself 
distinctly.  Although  the  current  be  regulated  the  bed  of  the  river  can 
be  noticed  amidst  the  sandbanks.  The  form  is  the  same  but  the  height 
of  the  sandbanks  and  the  depth  of  the  channel  are  sensibly  reduced. 

The  result  gives  occasion  to  compare  on  the  distance  of  the  higher 
Elbe  which  has  been  observed,  the  channel  existing  at  present  and  the 
one  of  the  twentieth  year  of  this  century.  Here  also  the  depth  is  greater 
through  the  regulation  of  the  width  and  sanding  up  of  the  channel.  As 
this  regulation  took  place  by  an  increase  of  the  shores  the  influence  of 
the  width  on  the  lowest  depth  can  be  remarked. 
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It  can  be  seen  on  the  tables  of  synoptical  curves  and  depth  diagram 
of  the  Elbe  that  from  the  point  250  kilometres  where  the  width  commen- 
ces to  measure  from  130  to  150  metres  a  greater  depth  exists  than  in 
the  above  part. 

The  numerous  notes  resulting  from  these  studies  as  to  the  relation 
between  the  primitive  form  and  the  actual  bed  of  the  river  give  no 
exact  measure  and  it  is  therefore  necessary  to  continue  the  study  more 
closely. 

PART    II. 

Study  on  the  measurements  of  a  straight  line  and  an 
arc  forming  together  the  primitive  bed  compared  with  a 
system  proposed  by  M.  Parqub.  Influence  of  high  and  low 
waters  on  the  depth  of  the  channel  near  a  tangent  point. 
Maximum  curves  to  be  admitted  for  a  channel  composed 
of  different  widths  and  strength  of  current.  Practical  rule 
for  the  choice  of  a  form  for  the  bed  of  a  river  having  a 
stream  with  or  without  tide. 

Up  to  the  present  the  study  was  limited  to  register  certain  facts  and 
observations  but  hereafter  the  other  points  of  the  program  will  have  to 
be  discussed,  the  use  of  the  knowledge  to  regulate  the  current.  It  passes 
therefore  from  a  fixed  ground  to  a  speculative  direction,  where  possi- 
bilities may  have  to  be  brought  forward. 

Mr  Fabgue  says  in  his  treatise,  see  Annales  des  Fonts  et  Chauss6e8 
year  1868,  page  63. 

The  bottom  between  the  channel  and  riverbed  must  be  even.. 

According  to  the  6*^  precept  of  part  I  the  kilometrical  curve  must  be 
followed  by  a  straight  line  which  gives  to  the  form  „spiralvolute". 

The  spiralvolute  as  form  of  a  river. 

As  introduction  to  this  theme  Mr.  Farque  makes  a  supposition  that 
the  bed  of  the  river  has  a  form  in  volute. 

In  the  Annales  des  Fonts  et  Chauss^es  of  1882  he  exposes  this  pro- 
posal declaring  that  the  width  of  a  river  is  not  constant  but  is  greater 
in  a  curve  especially  at  a  sharp  curve.  He  calls  that  form  „la  trace 
rationnelle." 

These  two  conditions  have  no  relation  with  one  another,  but  come 
from  different  points  of  view.  As  to  the  volutal  form  as  form  of  a 
riverbed  the  idea  gives  matter  to  reflection. 

The  supposition  of  a  straight  line  inclined  and  the  concRision  that  the 
kilometrical   curve  changes  from  to  point  would  make  the  curve  appear 
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in  zigzag  where  the  refraction  point  would  be  on  one  side  at  the  top  and 
at  the  other  end  at  the  axe  of  the  curved  distance. 

At  that  point  of  refraction  a  certain  discontinuation  (loi  de  continuity) 
which  would  not  be  conform  to  the  6^^  precept.  The  variability  of  the 
curve  would  have  precisely  at  the  most  important  point  of  the  river  no 
sudden  change  but  would  have  a  certain  tendency  to  vary.  Such  changes 
in  direction  seem  not  be  in  accordance  with  the  5*^  precept  that  expres- 
ses constant  changes,  because  in  nature  no  direction  changes  suddenly. 
Even  if  the  force  existed  the  form  from  an  increase  to  a  decrease  would 
not  take  place  immediately,  a  certain  length  of  time  would  be  necessary 
to  change  the  direction.  If  this  force  is  wanting,  a  change  in  the  depth 
is  the  result.  The  condition  with  which  a  continual  change  of  a  curve 
could  take  place  would  have  to  be  that  the  tangent  of  a  kilometrical 
curve,  the  top  as  well  as  the  point  of  inflexion  be  horizontal.  The 
curve  would  have  to  show  a  flowing  in  form  of  a  sinus  curve  with 
minima  and  maxima  values  with  vertical  points.  A  continuation  of  a 
cut  line  does  not  seem  to  accord  with  the  developed  precept. 

Another  supposal  against  the  form  in  spiral  volute  is  brought  by  the 
size  of  a  curve  maxima.  It  has  already  been  said  when  the  3'<*  precept 
was  studied,  that  the  regulating  of  a  river  would  take  place  without 
trouble  and  that  no  special  measures  would  have  to  be  taken  to  obtain 
great  depths.  In  one  way  the  more  the  fall  would  be  uneven,  the  more 
facility  would  exist  to  form  and  keep  great  depths.  Instead  of  an  average 
fall  the  bed  would  have  to  be  formed  in  platform  to  obtain  a  strong 
current.  On  the  other  hand  the  forming  of  great  depths  prejudices  the 
developement  of  width  and  a  shortening  of  width  occasions  difficulties 
for  the  tide,  the  navigation  and  the  clearing  of  ice.  Sharp  bends  are  not 
liked  by  jiavigators  when  the  towing  material  has  to  be  shortened. 

When  M»  Fargue  in  his  trace  rationnelle  accepts  the  enlargement  of 
the  river  in  its  bends,  and  that  the  width  must  be  so  much  the  larger 
as  the  curve  is  sudden,  that  acceptation  is  contrary  to  natural  propor- 
tions. In  reality  the  width  is  everywhere  so  much  the  smaller  as  the 
curve  is  great.  All  means  employed  to  obtain  an  enlargement  of  a  curve 
that  is  out  of  the  reach  of  ebb  and  tide,  are  useless,  many  examples 
could  be  given  if  the  fact  was  not  generally  known.  A  width  in  curves 
above  the  average  has  a  prejudical  effect  in  heaping  sand  on  the  banks 
and  during  low  water  there  is  want  of  current.  The  size  of  a  maxima 
curve  that  M"*  Fargue  attains  in  choosing  the  spiral  volute  for  the  middle 
line,  is  the  double  of  an  ordinary  bend  in  the  same  proportions.  Its 
greatest  depth  would  be  greater  and  the  width  in  reality  smaller,  which 
developement  cannot  be  considered  in  any  way  as  an  improvement. 

Another  point  which  seems  to  weigh  against  the  spiral  volute,  is  the 
union  of  the*  prolongation  of  the  passage  of  a  curved  distance  into 
another.  The  curve  diminues  progressively  untill  extinction. 
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On  the  other  hand  the  circular  form  becomes  greater  by  half  till  a 
double  length  and  then  reduces  again  one  half.  The  spiral  volute  loses 
its  influence  by  its  progressive  march  especially  for  average  curves, 
because  as  it  will  be  said  hereafter  there  arrives  a  moment  when  the 
action  of  a  curve  is  lost.  A  small  curve  has  the  same  action  in  its 
influence  as  a  straight  line. 

With  strong  or  high  waters  that  circumstance  will  not  present  itself 
so  much,  but  it  is  not  during  high  waters  that  the  profile  of  a  river 
changes,  the  changes  of  position  and  depth  take  place  during  low  waters. 
Therefore  the  aim  of  stability  is  not  attained. 

Studies  provoke  even  more  to  the  use  of  a  decrease  in  width.  A  pro- 
longation of  distance  and  an  increase  of  curves  bring  in  greater  dragging 
and  other  expenses  of  construction. 

Experimental  Method. 

The  experiments  made  on  small  trenches  in  Bordeaux  showed  that  the 
spiral  volute  tries  to  follow  the  natural  course  of  the  river  while  for 
curves  and  straight  lines  assembled  no  law  of  direction  exists.  But  still 
these  essays  have  no  weight.  The  imitation  of  natural  passages  on  a 
small  scale  encounters  difiiculties  because  the  working  of  certain  forces 
do  not  keep  the  same  peculiar  quality  in  a  reduced  scale.  For  instance 
quickened  forces  find  an  advantageous  resistance  with  fine  sand.  If  it  be 
found  necessary  to  reduce  the  fall,  it  is  also  impossible  to  produce 
firstly,  the  just  proportion  for  the  size  of  the  gravel  and  secondly,  to 
produce  a  force  running  exactly. 

The  absence  of  different  speeds  for  different  depths  of  water  can  also 
be  added  to  what  has  been  said.  I  have  examined  thts  question  in  my 
treatise  in  1893  see  „Zeitschrift  fiir  Bauwesen"  on  the  ground  of  nume- 
rous measurements  taken  in  the  Elbe  and  I  showed  the  probability  that 
the  speed  of  the  .  water  on  the  river  bed  is  nearly  nul  and  begins  only 
a  few  centimetres  higher. 

The  speed  acquired  in  different  depths  is  proportioned  to  their  distance 
from  the  bottom,  the  scale  of  speed  corresponds  to  the  logarithmical 
line.  The  progression  of  speed  in  beginiring  at  the  bottom  to  the  surface 
is  quite  different  in  deep  or  not  deep  water. 

Very  few  cases  exist  where  the  speed  remains  the  same  in  an  extension 
of  vertical  depth. 

But  still  this  is  the  condition  for  the  apparition  of  whirls  and  swells 
with  vertical  axe.  I  must  give  way  to  the  conjecture  that  in  the  experi- 
ment made  the  whirl  with  vertical  axe  will  take  place  only  along  the 
sides  and  not  in  the  middle  current  as  it  does  in  reality. 

The  whirl  is  not  a  superfluous  apparition,  only  in  the  above  case,  but 
it  is  the  just  form  of  movement  by  which  the  curve  influences  the  depth. 
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Therefore   it  seems  to   me,   that   the   model   does  not  show  the  form  of 
currents  of  water  as  it  should  do. 

The  origin  of  great  deptlis. 

The  manner  and  means  by  which  the  current  works  on  the  curve  of 
a  river  and  on  the  depth  of  the  channel  is  too  important  not  to  try  to 
explain  it  as  much  as  possible.  It  is  unquestionable  that  the  fall  in 
curves  is  less  than  in  a  straight  line.  Also  the  continual  change  of  direc- 
tion weakens  the  force  of  the  current.  This  taking  away  of  moving  forces 
does  it  not  indicate  also  a  reduction  of  depth?  And  still  in  reality  the 
depth  of  a  curve  is  so  much  greater  as  the  curve  is  great. 

In  examining  the  current  we  learn  that  the  most  extraordinary  depths 
are  in  general  where  whirl  and  swells  exist.  The  whirl  is  not  a  finishing 
of  the  current,  but  simply  a  change  in  its  direction  and  a  diversion  of 
its  force. 

A  whirl  is  a  force  where  the  current  at  the  entrance  and  going  out 
meet  together.  No  strength  is  lost  or  gained.  It  is  developed  by  the  force 
of  one  impulsion  alone.  Each  swell  can  become  a  whirl  in  advancing  in 
the  direction  of  its  axe.  Then  it  takes  away  from  the  current  more  and 
more  strength  which  is  lost  against  the  resistances  of  its  surroundings 
and  on  its  meeting  the  ground.  This  last  is  attained  so  much  easier  by 
its  vertical  position.  The  whirl  gains  strength  in  itself  because  the  stream 
has  a  greater  fall  than  in  the  current  and  consequently  receives  a  greater 
impulsion. 

The  whirling  movement  with  perpendicular  axe  tries  to  develope 
itself  wherever  it  can. 

A  whirl  or  swell  is  formed  by  a  certain  force  of  water  having  the 
same  speed  and  horizontal  direction.  The  movement  of  a  whirl  must 
have  forcibly  its  axe  horizontally  or  perpendicular  to  the  surface  of  the 
water.  To  obtain  a  whirl  with  vertical  axe,  considered  at  a  point  of 
view  of  an  horizontal  axe,  the  lines  of  same  speed  at  the  place  of  its 
transversal  formation  must  show  a  vertical  direction.  In  a  large  and 
even  deep  current  it  is  impossible  that  a  whirl  can  form  itself,  as  here 
the  flow  can  only  take  place  in  a  horizontal  line  with  same  speed  and 
the  speed  from  the  bottom  to  the  surface  becomes  greater.  The  sounds 
show  that  generally  near  the  shores  the  greatest  speed  exists  not  at 
the  surface  but  under  the  water  and  often  at  a  great  depth.  The  same 
speed  is  found  here  disposed  at  more  than  90  degrees  against  the  surface. 

There  must  exist  in  the  transversal  profile  a  point  where  these  lines 
are  turned  to  precisely  90  degrees  in  a  vertical  flow,  at  least  in  a  certain 
extension.  In  the  same  way  that  the  ground  works  at  the  reduction  of 
the  speed  the  nearer  the  stream  is,  the  shores  in  their  horizontal  position 
work  yet  more  on  the  near  currents  than  on  those  further  off. 
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What  takes  place  for  the  bottom  takes  place  also  on  the  shores  of  a 
curve. 

If  the  size  of  the  gravel  and  the  uneven  bed  has  an  influence,  the 
different  constructions  advancing  along  the  shores  must  also  have  their 
influence. 

These  questions  are  very  unclear  and  it  would  be  well  that  the  Engi- 
neers examine  these  points  and  study  the  influence  of  the  shores  on  the 
speed  of  the  current  to  have  answers  to  these  important  demands.  The 
study  of  whirls  is  also  bound  to  such  inspections.  That  movement  is  not 
an  exception  for  curves  but  is  a  rule;  it  is  more  developed  and  strong 
the  sharper  the  curve  is.  The  result  is  that  the  whirl  is  a  means  that 
the  current  uses  to  gain  a  greater  depth. 

The  size  of  curves. 

If  considered  at  the  preceding  point  of  view  depths  appear  under  a 
different  form.  They  do  not  make  themselves  but  are  the  result  of  sacri- 
ficed forces  of  the  current.  These  sacrifices  are  inopportune  for  the  obtai- 
ning of  useless  depths  as  long  as  these  same'  forces  can  be  used  to 
obtain  useful  depths.  The  measure  of  the  smallest  depth  and  not  of  the 
greatest  is  peremptory  for  the  economical  use  of  the  current.  It  would 
be  better  if  it  were  possible  to  obtain  an  equal  depth  for  the  whole 
f  channel  to  enable  the  forces  of  the  current  to  be  used  as  far  as  possible. 

The  precept  of  the  first  part  shows  that  it  is  nearly  impossible  to 
obtain  an  equal  depth  for  the  whole  stream.  In  curves  the  depth  is 
greater  and  these  cannot  be  avoided.  But  from  the  moment  that  the 
average  depth  is  surpassed  in  curves,  the  over  depth  becomes  useless. 
This  increase  of  depth  does  not  only  use  for  their  maintenance  of  useful 
forces  of  the  current  but  is  generally  accompanied  by  reductions  in  the 
width  and  differences  in  the  fall  to  the  detriment  of  the  course  of  the 
stream.  The  limits  of  a  maximal  curve  have  been  fixed  by  precept  2  and 
above  claims. 

If  a  river  be  regulated  in  that  order  of  ideas,  once  that  the  passage 
would  be  formed  and  corrected,  measures  could  be  taken  in  the  sense 
of  the  size  of  curves.  Subsequently  it  would  be  shown  that  small  curves 
would  suffice.  In  the  first  part  entertaining  on  the  studied  distance  of 
the  Elbe,  there  exists  at  the  smallest  curves  a  maximal  depth  that  is 
unnecessary  in  the  best  channel.  If  it  were  necessary  to  dig  out  the 
channel  the  same  thing  would  not  have  to  be  done  for  the  curved  parts, 
each  correction  of  a  curve  being  followed  by  unknown  circumstances. 
Even  the  smallest  curve  would  correct  itself  after  such  a  work.  The 
small  curves  have  the  least  favorable  beds  because  the  current  has  no 
certain  direction.  During  high  waters  the  current  passing  through  small 
curves  gains  an  uncertain  gait.  Small  curves  and  advancements  form 
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simply  irregularities,  the  current  passing  along  these  passes  in  long  and 
deturned  strokes. 

Curves  must  therefore  be  neither  too  long  and  curved  distances  must 
not  be  too  short. 

At  a  practical  point  there  exist  limits  for  curves.  The  consideration 
that  there  is  interest  in  having  as  small  curves  as  possible  would  lead 
to  prefer  straight  lines.  There  can  be  nothing  said  against  the  principle 
if  the  river  has  a  continued  flow  of  water;  but  for  rivers  with  tides  it 
would  be  necessary  not  to  occupy  oneself  with  the  average  width  but  to 
obtain  average  curves.  In  curves  of  a  river  without  tides  the  profile  of 
the  watercourse  would  not  change  much  as  the  development  of  the 
convex  shores  is  free.  The  channel  would  keep  on  the  concave  shore  if 
the  curve  is  not  too  short  and  no  special  surety  would  have  to  be  taken 
during'  low  waters.  In  straight  lines  the  river  would  follow  the  bed  of  the 
current  during  low  waters  and  leave  its  direction  along  the  shores.  The 
formation  of  the  depth  would  depend  on  the  form  of  its  shores  and  to 
regulate  for  low  waters  would  be  found  inefficace. 

To  avoid  changes  in  the  bed  of  the  river  and  form  one  only  current 
for  low  waters  it  would  be  necessary  to  build  shores  for  low  waters. 
Therefore  it  is  necessary  to  regulate  rivers  with  tides  in  straight  lines 
for  low  waters.  The  construction  would  have  rather  a  character  of 
transformation  than  the  limiting  of  the  size  of  its  profile.  There  is  no 
necessity  of  transformation  when  in  a  current  in  straight  line  there 
are  no  accumulations  of  sand.  But  still  in  reality  certain  cases  exist 
where  exceptionnally  such  a  construction  of  the  profile  for  low  waters 
has  also  a  character  of  limiting. 

As  it  has  already  been  said  in  the  first  part,  the  Elbe  shows  at  diffe- 
rent places,  although  it  has  been  regulated,  the  same  accumulations  of 
sand  and  the  same  direction  of  the  river  valley  as  existed  before  its 
regulation.  Subsequently  the  formation  of  the  bed  depends  on  the  height 
of  water  and  surroundings  in  general.  It  is  therefore  necessary  to  exa- 
mine these  signs  when  regulating  a  river,  but  often  no  remedy  can  be 
brought  in  as  the  works  must  follow  the  shores. 

In  general  the  considerations  of  part  I  are  not  contrary  to  the  regu- 
lations of  rivers  in  straight  lines.  Here  is  an  example  of  what  has  taken 
place  in  Switserland  with  straightened  rivers :  M'  von  Salis,  chief  inspector 
writes  as  follows: 

Dass  Schweizerische  Wasserbauwesen,  Bern  1883  page  62. 

„As  a  striking  example  this  is  what  has  been  experienced  in  that  way 
^(straight  shores)  among  many  other  examples  on  the  Plessur,  near  Thier. 

„0n  a  distance  in  straight  line  of  one  kilometre  the  bed  has  been 
„dug  out  during  a  terrible  catastrophe  120  years  ago  and  although  the 
„banks  have  not  been  repaired  as  should  be  a  strong  current  and 
„10  °/oo  fall,  the  banks  have  not  been  damaged.  The  explanation  of  this 
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„can  only  be  found  in  the  well  proportioned  width  and  the  current  in 
^straight  line." 

In  this  case  the  shores  for  high  water  and  those  for  low  water  are  in 
the  same  direction.  Where  this  is  not  the  case  and  for  natural  rivers 
with  irregular  dikes,  the  construction  of  banks  for  low  water  are  indis- 
pensable. 

Also  in  curves  bardly  marked  the  necessity  would  perhaps  show  itself 
if  the  curve  is  small  and  the  current  has  to  be  lead.  The  stream  follows 
so  much  the  easier  the  irregular  shores  when  the  wat^r  mass  is  small 
and  not  deep.  A  precise  measure  of  curves  can  only  be  taken  by  a  close 
examination. 

The  kind  of  curves. 

The  precept  in  part  I  gives  although  in  another  point  of  view  still  a 
decisive  direction.  The  6"'  precept  (loi  de  la  pente  du  fond)  says  that  the 
fall  of  the  bed  depends  entirely  on  the  change  of  the  curve.  An  increase 
of  the  curve  indicates  an  increase  of  depth  and  vice  versa;  a  smaller 
curve  shows  a  smaller  depth.  The  non  variability  of  ihe  curve  shows  a 
regular  depth.  In  a  circular  curve  the  current  should  give  a  regular 
depth  to  the  channel.  According  to  the  experiments  made  in  trenches  at 
Bordeaux  the  circular  ways  are  very  irregular  but  still  they  incline  to 
form  great  depths.  The  Elbe  has  different  circular  curves;  for  instance 
the  distance  56  on  the  diagram  from  kilometres  198.4  to  199.5,  1100 
metres  length  there  is  no  sign  of  any  hollow  formation,  although  the 
radius  has  500  metres  only  and  the  diversion  174  degrees.  The  bed  is 
nearly  equal. 

Even  on  irregular  beds,  the  depths  that  are  formed  by  a  curve  are 
generally  greater  than  those  of  the  current.  The  curve  must  not  be  so 
reduced  that  the  current  recedes  and  can  no  more  be  directed.  In  the 
same  way  that  the  regular  depths  have  been  described  as  the  most 
useful,  the  circular  curves  define  better  the  principle  of  regulation. 

But  nature  does  not  show  more  circular  curves  than  straight  lines.  The 
natural  bed  of  a  river  winds  in  different  continual  curves  and  with 
different  depths  through  the  valley.  It  must  be  seen  before  the  regulating 
of  a  river  if  the  cost  is  not  too  high.  For  that  reason  one  must  not  make 
circular  curves.  Also  in  large  valleys  one  must  abstain  from  uniting 
curves  of  different  sizes. 

The  kilometrical  curve  must  show  a  continued  change  and  not  a  sharp 
one  in  order  that  the  tangent  keeps  its  sole  value. 

The  formation  of  beds. 

A  riverbed  formed  of  curves  and  straight  lines  or  curves  in  different 
directions,   would   show   at  the  uniting  points  sharp  curves.  The  channel 
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would  have  constafit  changes  in  its  depth.  This  would  be  the  case  when 
the  straight  line  between  two  circles  is  short.  According  to  the  above  rule, 
the  large  half  curves  and  long  curved  distances  should  be  used  and  the 
length  of  the  passage  decreased.  In  such  a  decrement  a  preference  would 
be  given  to  the  distances  made  of  curves  and  straight  lines  instead  of 
the  spiral  volute.  By  the  synoptical  diagram  of  curves  and  depths  it  is 
not  proved  that  from  the  passage  of  one  curve  into  another  there  be  a 
reduction  of  depth  in  the  curve  that  follows.  On  the  contrary  it  seems 
that  the  middle  points  between  the  long  distances  between  small  curves 
are  exposed  in  their  depth;  for  instance  compare  215  kilometres  and 
223.35  or  187.35  and  180.4  kilometres  or  with  190.97  and  following. 

The  banks  cross  the  current  in  an  inclined  position  and  gather  the 
sand  banks.  The  more  the  waters  retreat  the  more  the  accumulation  con- 
tinues. These  form  during  the  low  waters  trenches  that  clear  more  rapidly 
the  water  and  the  fall  is  slighter. 

The  passage  becomes  longer  because  the  stream  has  not  its  primitive 
form  of  the  middle  passage,  it  is  pushed  aside  by  he  accumulations,  which 
is  dangerous  during  low  water  because  the  current  has  a  greater  length. 
Where  the  current  carries  sand  it  makes  barriers  that  the  river  keeps  at 
different  heights  of  water  and  the  channel  then  winds  very  much.  If  it 
is  found  necessary  to  give  a  fixed  bed  to  the  current  this  remark  will 
have  to  be  taken  in  consideration  and  the  channel  for  low  waters  must 
be  cleared  as  much  as  possible  and  made  to  wind ;  otherwise  the  cause 
that  the  river  winds  must  be  taken  away  in  clearing  the  accumulations. 

The  regulation  of  a  river  must  have  in  view  to  shut  the  above  part  of 
the  trench  along  the  accumulation  in  order  to  leave  to  the  current  all 
its  force  for  the  real  passage. 

Regulating  the  width  as  Mr.  Fargue  proposes  can  only  be  approved 
for  these  reasons.  The  current  in  a  great  depth  works  on  itself  and  is 
different  to  the  one  that  loses  its  strength  on  the  bottom.  On  the  Garonne 
the  passages  are  reduced  to  about  */*  of  the  width  of  the  stream  and 
therefore  gain  in  depth.  The  result  is  also  a  reduction  of  the  low  waters 
which  was  very  usefuU  in  the  radius  of  the  tide  but  higher  up  could  not 
be  admitted.  It  would  be  impossible  to  retrench  the  Elbe  in  that  way  to 
the  height  of  the  average  waters.  If  the  result  were  to  keep  great  depth 
for  the  passages,  an  increase  of  average  waters  and  a  reduction  of  low 
waters  would  follow.  The  passages  rule  low  waters  and  the  width, 
average  waters. 

The  retrenchment  should  have  in  view  a  change  for  low  waters  but 
should  not  surpass  these.  This  retrenchment  would  be  the  means  of 
acquiring  greater  depth  just  as  if  there  was  question  of  regulating.  The 
fall  in  the  passage  would  be  less  and  increased  in  the  curve  above.  The 
increase  of  the  fall  in  the  curve  above  threatens  an  increase  of  the  force 
for  the  forming  of  whirls  and  an  increase  of  the  fall  in  the  curve  which 
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should  be  stopped  if  the  low  waters  do  not  decrease  too  much.  The 
resistance  that  existed  precedingly  in  the  passage  should  be  displaced  to' 
the  curve.  This  can  take  place  in  jQlling  up  the  great  depth.  In  filling 
up  the  curve  these  will  be  less  sanding  up  of  the  depth  and  an  increase 
of  width  during  low  waters.  As  to  the  depth  nothing  will  be  changed  as 
long  as  the  whirling  movement  can  be  kept  back.  It  can  be  examined 
also  if  it  is  not  possible  to  contrary  the  movement  of  the  whirl  by  a 
declivity  of  the  concave  shore.  This  can  be  realised  as  in  strengthening 
the  shores  a  same  force  of  current  can  be  given  to  the  transversal  profile. 

To  avoid  great  depths  to  be  formed  in  curves  seem  to  be  closely 
united  with  a  bettering  in  the  formation  of  the  riverbed. 

As  to  the  forming  of  the  riverbed  it  must  be  noted  that  it  is  only 
after  regulating  that  it  is  good  to  rule  the  average  waters.  But  one  must 
also  keep  account  of  expenses  and  navigation;  advanced  constructions 
might  be  a  danger  to  navigation  during  low  waters. 

In  certain  cases  different  changes  have  to  be  made  for  the  forming  of 
regular  riverbeds  and  the  fixing  of  a  minimal  depth.  In  general  the 
question  cannot  be  exhausted. 


PROPOSALS. 

The  following  proposals  are  made  on  the  basis  of  the  preceding  study. 

I.  It  %8  necessary  to  continue  the  study  of  the  relation  between  beds  of  river 
and  depths  of  channels.  To  this  must  be  added  the  influence  on  depth  of  the 
advanced  constructions  and  regulating  works. 

II.  To  keep  the  currents  from  winding  it  is  necessary  to  buUd  banks  in  a 
straight  line  for  low  waters. 

III.  To  stop  the  channel  from  becoming  too  deep  half  diameter  curves 
must  be  sufficiently  large  but  not  so  large  that  the  current  loses  its  support 
on  the  concave  shore. 

IV.  Curves  in  form  of  an  arc  are  useful  to  obtain  equal  depths.  If  in  such 
a  bend  different  curves  loould  become  necessary  on  account  of  the  place^  the 
continxiuUion  of  one  curve  into  the  other  must  not  be  too  sharp. 

V.  To  improve  useful  deptJis  retrenchment  of  the  width  for  low  waters  can 
be  recommended  and  in  the  large  curves  a  filling  up  of  the  too  great  depth. 
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In  these  questions  as  in  so  many  others  the  observation  of  facts  is 
alone  of  any  real  value.  It  is  therefore  facts  that  the  Congress  especially 
demands. 

We  -should  have  wished  to  furnish  more,  but  the  detailed  study  of  a 
river  requires  much  work,  time  and  expense. 

We  give  under  the  form  of  diagrams  a  comparative  study  of  the 
widths,  curves  and  depths  for  the  maritime  Garonne  between  Castets  and 
the  He  de  Laland,  a  distance  of  51  km.,  and  for  the  maritime  Seine  be- 
tween Rouen  and  the  sea,  a  distance  of  104  km. 

M.  Guiard,  Ing6nieur  en  Chef,  our  successor  at  Rouen  and  our  colla- 
borator in  this  work,  was  good  enough  to  draw  up  the  diagrams  and,  as 
regards  the  Seine,  elaborate  an  analysis  and  comprehensive  discussion  of 
the  results.  They  will  be  found  in  §  7. 

We  also  received  certain  information  with  respect  to  the  maritime 
Loire,  but  the  numerous  wharves  established  on  this  river  modify  the 
regime  of  the  bottom  too  much  for  it  to  be  possible  to  gather  any  useful 
data  from  the  study  of  the  question. 

With  regard  to  the  fresh-water  portion  of  the  Garonne  two  engineers 
have  been  good*  enough  to  prepare  treatises. 

One  of  them,  M.  Eschbach,  has  devoted  himself  to  the  study  of  a  dis- 
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tance  of  89  km.,  included  between  Agen  and  the  boundary  of  the  Deparir 
ment  of  the  Garonne.  Except  in  two  places  where  the  bottom  is  rocky, 
he  has  confirmed  the  relation  between  ciirves  and  depths  and  the  law 
of  digression.  He  states  however  that  he  has  noted  a  great  number  of 
anomalies,  which  he  has  not  pointed  out  in  detail,  but  has  confined 
himself  to  discussing  the  causes  which  are  according  to  him  foreign  to 
the  form  of  the  mean  bed.  He  proposes  a  system  of  low  dikes. 

M.  Maillet  has  been  occupied  with  a  section  of  6  km.,  where  be  has 
also  confirmed  the  laws  of  relation  and  digression. 

However  important  these  two  studies  may  be,  it  is  desirable  not  to 
discuss  them  before  we  are  able  more  effectually  to  substantiate  the  con- 
clusions drawn  from  them.  We  will  therefore  devote  to  a  future  congress 
the  examination  of  the  points  proposed. 

The  Congress  has  formulated  a  certain  number  of  questions.  We  reply 
to  its  wish  by  treating  certain  of  them  succinctly  and,  without  comple- 
tely debarring  ourselves  from  expressing  our  personal  opinion,  we  have 
however  endeavoured  in  general  to  avoid  all  purely  theoretical  discussion 
that  is  not  founded  on  the  facts  presented  by  us. 

§  I.    RELATION  BETWEEN  WIDTH  AND  DEPTH. 

It  has  long  been  known  that  concavities  give  rise  to  hollows  which  are 
the  more  marked  as  the  former  are  more  characteristic.  The  exceptions 
or  anomalies  which  are  sometimes  reported  and  from  which  argument 
has  been  drawn  in  disputes,  are  easily  explained  and  do  not  in  any  way 
interfere  with  the  general  rule. 

M.  Fargue  has  pointed  out  this  rule  making  it  clear  that  the  relation 
was  closer  than  originally  supposed  and  that  all  the  variations  of  the 
curve  along  a  concavity  gave  rise  to  corresponding  variations  in  the  depth. 

This  is  clearly  shown  in  the  diagram  of  Plate  I,  which  describes  the 
widths,  curves  and  depths  of  the  Garonne  for  a  distance  of  51  Km. 
above  Bordeaux  between  Castets  and  the  He  de  Lalande. 

This  part  which  has  been  the  object  of  the  studies  and  labours  of 
M.  Fargue  is  affected  by  the  tide  which  rises  as  far  as  Castets,  but  its 
action  is  hardly  felt  over  more  than  half  of  this  distance. 

This  diagram  shows  that  the  curve  in  the  bottom  nearly  everywhere 
reproduces  the  curve  in  the  banks  with  all  its  indentations.  The  few 
anomalies  that  may  be  remarked  are  easily  explained,  either  by  varia- 
tions in  width,  especially  below  Langoiran,  or  by  irregularities  in  the 
bed  and  local  circumstances  which  the  perusal  of  detailed  plans  alone 
can  elucidate. 

This  study  has  been  made  and  demonstrated  by  M.  Fargue  with  the 
fullest  detail.  We  have  no  occasion  to  return  to  this  point,  but  it  has 
appeared   to   us   desirable  in  response  to  the  question  of  the  Congress,  to 
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recapitulate  the  principal  results  under  a  form  suitable  for  showing  by 
a  simple  examination  and  a  single  glance  the  law  of  relation  that  it  is 
required  to  establish. 

With  regard  to  the  Seine,  we  refer  to  the  detailed  examination  made 
by  M.  GuiARD  in  §  7  and  we  confine  ourselves  here  to  a  general  view 
of  the  subject. 

Unlike  the  Garonne  where,  at  least  between  Castets  and  Langoiran,  the 
succession  in  the  variations  in  width  is  very  regular,  thus  giving  to  the 
form  of  the  bed  and  to  the  curves  all  their  influence,  on  the  Seine  the 
incessant  variations  in  width  play  an  important  part,  a  fact  which  is 
well  set  forth  in  the  special  diagram,  Plate  II,  where  the  widths  and 
depths  are  clearly  indicated. 

Moreover,  resisting  banks  or  banks  not  entirely  unstable,  rock,  turf, 
pebbles  and  clay,  all  of  which  modify  the  results,  are  frequently  illustra- 
ted at  the  bottom  of  the  bed. 

The  influence  of  the  curves  is  therefore  more  diflScult  to  discern. 
These  curves  are  represented  with  the  depths  in  Plate  III  on  the  same 
scale  as  for  the  Garonne,  and  the  diagram  of  widths,  sections  and 
discharges  has  been  added. 

We  have  said  that  the  curve  in  the  bottom  generally  depends  on  the  curve 
of  the  width.  Still,  by  looking  closely,  numerous  differences  will  be  observable 
and  they  can  only  be  accounted  for  by  the  curves.  By  following  the 
diagram  point  by  point  and  by  taking  advantage  of  a  knowledge  of  the 
bottom  and  resisting  points  there  met  with  (see  the  discussion  infra\  it 
will  be  seen  that  there  are  hardly  any  indentations  of  the  curve  of  the 
bottom,  however  capricious  and  unlocked  for  they  may  at  first  sight 
appear,  that  cannot  be  explained  by  the  effect  of  the  curves  and  varia- 
tions in  width  acting  sometimes  together,  at  other  times  inversely. 

This  is  quite  natural,  but  it  may  not  be  amiss  to  demonstrate  it,  to 
show  that  the  unstable  bottom  reflects  all  the  circumstances  of  the  bed, 
variations  in  width  and  curves,  even  those  that  we  might  have  been 
tempted  to  consider  insignificant.  In  fact  to  obtain  the  best  possible  result 
nothing  must  be  neglected. 

With  regard  to  variations  in  one  and  the  same  curve  the  diagram 
gives  little  information,  because  unlike  the  Garonne  where  the  curves 
whether  natural  or  artificial,  are  increasing  or  decreasing,  on  the  Seine 
hardly  any  curves  are  met  with  that  are  not  arcs  of  a  circle,  or 
nearly  so. 

If  the  variations  in  depth  follow  those  of  the  curve,  the  proposition  is 
not  exact  or  at  least  is  not  always  exact;  that  is  to  say  that  to  a  con- 
stant curve  (arc  of  a  circle)  a  constant  depth  of  the  same  length  does  not 
correspond,  but  one  or  several  maximum  depths.  The  diagram  of  the 
Seine  seems  to  estatlish  this  point,  but  we  will  return  to  it  in  dealing 
with  beds  formed  of  arcs  of  a  circle. 


If  however  after  establishing  a  relation  we  seek  to  represent  it  in 
figures  and  formulae,  we  encounter  great  difficulties. 

For  the  Garonne  M.  Fargue  has  established  a  formula  but  he  specifies 
clearly  that  it  only  translates  the  local  facts  empirically  and  cannot  be 
applied  in  other  circumstances. 

The  width,  the  depth  and  the  speed  interfere  to  a  degree  that  may 
be  suspected  but  not  established  exactly.  The  details  of  the  form,  the 
nature  of  the  bottom  and  the  abundance  of  matter  brought  down  inter- 
fere with  these  calculations;  in  fact  in  the  present  state  of  science  there 
is  no  general  formula  that  can  be  established  and  the  most  one  can  do 
is  to  search  in  every  river  or  part  of  a  river  for  an  empirical  relation. 

Having  said  so  much  we  will  regard  a  few  facts  which  may  be  consi* 
dered  as  of  information. 

In  the  portion  of  the  Garonne  that  has  been  studied  the  width  varies 
from  150  to  200  m.,  the  average  speed  when  the  water  is  at  a  normal 
height  is  about  0.80  m.,  the  depth  of  water  below  low-water  mark  in  the 
straight  parts  is  between  1  and  1.5  m.  For  the  hollows  this  depth  varies 
from  2  to  11  m.;  the  latter  figure  corresponds  to  a  curve  1  km.  long 
with  an  altitude  of  240  m.,  that  is  to  say  with  a  radius  of  about  400  m. 
or  twice  the  width.  A  curve  of  the  same  length  with  an  altitude  of  100  m., 
corresponding  to  a  radius  of  1000  m.  (five  or  six  times  the  width),  gives 
depths  varying  from  3.50  to  5  m.  according  to  the  width  and  the  form 
of  the  bed. 

On  the  Seine  at  Tancarville,  the  width  is  about  600  m.,  the  speed, 
very  variable  according  to  high  and  low  water  and  the  time  of  high 
and   low    water,    in    springtides   during  the  flood  reaches  a  maximum  of 

3  m.   and   an   average   of  1.60  m.  for  three  hours  during  the  ebb,  and  a 
maximum  of  2  m.  and  an  average  of  1.20  m.  for  seven  hours. 

The  depth  in  the  neighbouring  shallows  is  5.50  m.  below  the  mean 
level.  The  concave  curve  is  an  arc  of  a  circle  having  an  altitude  of  40  m. 
and   a   radius   of  2500   m.,   or    five   times   the   width;  its  full  extent  is 

4  km.;    it   causes   a  furrow  the  maximum  depth  of  which  is  13  m. ;  the 
average  depth  is  hardly  more  than  8.50  m. 

At  Villequier,  the  radius  of  a  curve  of  1500  m.  (also  five  times  the 
width)  causes  a  deepening  of  about  3  ra.,  but  at  this  point  the  water 
carried   out  by   the  tide,  during  spring  tides,  is  already  reduced  by  half. 

§  2.    LAW  OF  DIGRESSION. 

The  law  of  digression  which  corresponds  to  a  general  law  of  nature  is 
not  disputed.  It  only  remains  to  determine  the  effect  of  the  digression. 

In  the  part  of  the  Garonne  that  he  has  studied,  M.  Fargue  has  shown, 
and  it  can  be  proved  by  the  diagram,  that  the  amount  of  the  digression 
varies  in  general  from  IV2  to  2  times  the  width  and  he  thinks  that  the 
latter  ratio  may  be  admitted. 


The  same  ratio,  viz.  twice  the  width  was  found  from  the  experiments 
made  in  1875  at  Bordeaux  on  an  artificial  river  1.6  m.  wide  for  the 
study  of  the  rational  forms  of  river-beds.  This  study  has  given  very 
interesting  and  convincing  results  which  M.  Fargur  has  also  elsewhere 
given  some  account  of  (Paris  Congress  1892 ;  Annales  des  Fonts  et  Chaus- 
s6e8,  March  1894). 

On  the  Seine,  as  may  be  seen  in  §  7,  the  digressions  vary  from  400  to 
1200  m.,  the  width  varying  from  200  to  500  m.  The  average  ratio  there- 
fore is  still  2  to  1 ,  but  as  a  matter  of  fact  this  ratio  on  the  Seine  is  far 
from  being  constant.  It  probably  varies  with  the  speed  of  the  current 
and  certainly  with  the  circumstances  of  the  form  of  the  bed.  A  form  of 
bed  with  a  sharp  bend  might  be  conceived  where  the  digression  would 
be  insignificant.  Beds  of  rational  form  by  the  good  management  of  con- 
cavities and  the  judicious  determination  of  their  development  seems  to 
us  to  have  for  result  the  prolongation  down  stream  of  the  action  of  the 
concavities. 

However  that  may  be,  a  knowledge  of  the  law  of  digression  is  useful 
for  the  determination  of  the  dimensions  of  curves  and  the  respective 
position  of  tangents  on  either  bank ;  from  this  point  of  view  and  under 
the  usual  conditions  of  speed,  the  ratio  of  2  to  1  between  the  digression 
and  the  width  appears  at  present  to  be  admitted. 

§  3.    INFLUENCE  OF  THE  DISCHARGE  AND  OF  THE  WIDTH  UPON 

THE  DEPTH  IN  REGULAR  CURVES. 

This  question  is  very  simple  or  very  complex  according  as  one  would 
understand  it. 

Every  reduction  of  width  with  an  equal  or  regular  discharge,  every 
increase  in  discharge  with  an  equal  width,  increases  the  influence  of 
the  curves. 

But  all  engineers  know  that  this  mode  of  action  has  limits  which  it 
is  most  important  not  to  go  beyond. 

This  however  is  independent  of  the  question  of  the  form  of  beds  and 
we  cannot  here  go  into  it. 

The  question  of  greatest  importance  is  the  regulation  of  the  width 
which  the  doctrine  of  sinuous  rational  forms  of  beds  in  no  way  pretends 
to  reduce.  This  doctrine  only  attempts  to  furnish  for  regular  widths  and 
discharges  a  deeper  and  more  stable  channel,  or  what  cames  to  the  same 
thing,  secure  the  necessary  results  of  navigation  with  greater  average 
widths  and  more  moderate  speed.  The  latter  is  often  a  most  important 
factor,  especially  in  tidal  rivers. 

On  the  Seine,  commencing  at  Caudebec,  a  system  of  increasing  the 
width  down  stream  has  been  adopted  which  has  proved  too  feeble  in  conse- 
quence of  the  strength  of  the  tide.  The  inclines   and   the  speed  have 


8 

increased,  the  bed  has  dug  itself  out,  but  not  sufficiently,  and  the  speed 
has  remained  excessive.  The  result  has  been  grave  inconveniences  which 
have  to  be  contended  with  to-day. 

In  spite  of  this  general  excess  of  speed  and  insufficient  width,  it  is 
proved,  and  the  subjoined  diagram  shows  it,  that  M  certain  points,  as 
for  instance  at  St.  Leonard,  a  local  increase  in  width  causes  a  shoal, 
although  upon  this  same  shoal  the  speed  remains  great  and  the  bottom 
is  unstable. 

This  very  important  fact  shows  that  as  regards  the  nature  of  the 
bottom  it  is  not  only  the  absolute  speed  and  width  that  must 
be  considered,  but  their  continuity.  If  the  bed  is  straight  the  continuity 
will  be  absolute,  if  it  is  sinuous  there  will  still  be  continuity,  but  of 
another  nature,  the  width  being  for  excellent  reasons,  often  enlarged 
upon,  necessarily  greater  at  the  apex  of  curves  than  in  the  places  where 
the  direction  changes,  but  varying  from  one  to  the  other  in  imperceptible 
degrees  in  such  a  manner  that  curves,  widths  and  depths  form  similar 
diagrams. 

At  St  Leonard  the  increase  in  width  contrary  to  the  general  principle 
is  at  the  point  where  the  direction  changes;  this  will  be  changed  and 
the  width  of  the  stream  will  be  increased  parallel  with  the  apices  of  the 
curves  of  Tancarville  and  Aizier. 

§  4.  INFLUENCE  OF  A  BED  FORMED  BY  STRAIGHT  LINES  AND  ARCS  OF 
A  CIRCLE  COMPARED  WITH  THE  INFLUENCE  OF  A  BED  CON- 
STRUCTED ACCORDING  TO  THE  SYSTEM  OF  M.  FARGUE. 

The  rules  pointed  out  by  M.  Fargub  are  legion.  A  great  number  of 
them,  and  these  not  the  least  important,  are  compatible  with  a  bed  com- 
posed of  straight  lines  and  the  arcs  of  a  circle,  as  for  instance  the  deter- 
mination of  the  development  of  the  curves,  determination  of  the  angle 
of  the  tangents  or  successive  straight  lines,  distribution  of  differences  in 
width,  position  of  points  of  tangence.  If  these  conditions  are  fulfilled,  the 
difference  will  then  only  bear  upon  the  principle  of  the  continuity  of 
curves. 

The  rupture  of  continuity  at  the  point  of  tangence  will  give  place 
to  a  corresponding  discontinuity  of  more  or  less  disportance  in  the  relief 
of  the  thalweg,  according  as  the  ratio  between  the  curve  and  the  speed 
shall  be  greater.  The  bend  at  Tancarville  is  an  example  —  it  is  pro- 
duced in  this  case  above  the  curve  —  and  has  given  considerable  trouble 
as  may  be  seen  from  the  diagram,  a  trouble  which  is  caused  moreover 
by  the  irregularities  of  width,  resulting  from  the  irregular  crumbling 
away  of  the  convex  bank  which  is  not  diked  and  is  exposed  to  swift 
flowing  water. 

What  occurs  between  the  points  of  tangence  along  the  arcs  of  the 
circle?   Studies   made   on  the  Garonne  (Annales  des  Fonts  et  Chauss6es, 


1868),  the  experiments  made  in  1876  at  Bordeaux  mentioned  above,  the 
examination  of  what  has  occurred  at  the  bend  of  Tancarville  on  the 
Seine,  seem  to  establish  the  fact  that  along  a  circular  curve  we  find  not 
a  constant  depth  corresponding  to  the  constant  curve,  but  as  we  have 
said  above  one  and  sometimes  several  maximum  depths  and  variable 
positions  according  to  the  variations  of  speed.  The  result  of  this  is  that 
if  they  are  frequent  they  cause  incessant  alteration  in  the  bottom  and 
the  dislodging  of  matter  to  the  detriment  of  the  channel  generally. 

This  is  a  most  important  question  which  might  with  advantage  be 
elucidated  more  by  a  more  numerous  collection  of  facts. 

It  is  at  present  in  our  opinion  certain  that  arcs  of  a  circle  give  less 
satisfactory  results,  especially  if  the  speed  is  great  and  variable,  cir- 
cumstances met  with  particularly  in  maritime  rivers  when  the  tide 
is  strong. 

In  a  river  of  this  nature  if  abandoning  the  rectilinear  form  of  bed 
we  introduce  curves,  the  continuity  of  these  curves  becomes  extremely 
important. 

It  is  our  opinion  however  that,  especially  in  a  quiet  and  regular  river 
with  a  bed  in  the  form  of  arcs  of  a  circle  already  in  existence  and  well 
arranged  in  all  other  respects,  we  shall  be  able  to  come  to  a  proper 
result;  but  we  think  that  for  a  new  bed,  it  is  always  necessary  to  have 
recourse  to  graduated  curves. 

§  5.  INFLUENCE  OF  HIGH  AND  LOW  WATERS  ON  THE  DEPTH  OF 

THE  CHANNEL  IN  BENDS. 

High  waters  increase  the  depth,  the  speed  and  the  discharge  of  solid 
matter. 

In  the  first  two  instances  the  deep  places  should  become  deeper;  but 
in  certain  badly  combined  forms  of  beds  it  may  happen  that  the  result 
becomes  hidden  by  the  amount  of  solid  matter  brought  down. 

A  very  important  consideration  is  connected  with  this  point.  The  form 
of  the  line  traced  by  the  most  effective  part  of  the  current,  which  deter- 
mines the  thalweg,  depends  on  the.  form  of  the  banks,  but  also  on  the 
conditions  of  heigh  of  water  and  the  speed  with  which  this  line  neces- 
sarily changes.  In .  the  form  of  beds  recommended  it  is  proposed  by  the 
continuity  of  curves  and  their  suitable  development  to  reduce  to  a  mini- 
mum the  variation  of  the  line  in  question.  This  is  connected  with  what 
we  have  already  said  above  with  reference  to  circular  arcs.  It  is  a  point 
to  be  studied. 

We  may  mention  however  that  the  increase  in  width  at  the  apex 
of  the  curve  combined  with  an  accentuation  suitable  to  concave  and 
convex  curves  has,  among  other  ends  in  view,  the  effect  of  creating  spaces 
where  the  action  is  less  strong.  These  are  sufficiently  important  and  defi- 
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nitely  formed  for  the  matter  brought  down  by  the  floods  and  stranded 
when  the  water  is  low  to  be  able  here  to  deposit  itself  and  finally  con- 
tinue down  stream  from  one  concavity  to  another  without  stopping  in 
the  channel. 

This  theory  has  been  developed  by  M.  F argue  and  is  of  great  service 
in  making  comparisons  between  straight  and  curved  beds. 

We  mention  it  without  pressing  the  question,  not  being  able  to  furnish 
any  precise  facts.  It  would  be  interesting  and  useful  to  verify  this  theory, 
which  might  perhaps  be  done  by  taking  soundings  at  suitable  seasons 
very  close  together,  or  even  by  cubic  measurement  ahead  of  the  con- 
vexities. Unfortunately  these  are  minute  and  tedious  operations  which 
one  has  not  often  the  leisure  to  undertake. 

§  6.    MAXIMUM  OF  SINUOSITY. 

The  Garonne  and  the  Seine  are  very  tortuous. 

The  diagram  shows  that  in  the  best  portions  of  the  maritime  Garonne 
above  Bordeaux  very  accentuated  curves  are  found,  which  describe  angles 
of  as  much  as  120^  with  the  radius  of  the  curves,  the  ratio  between 
which  and  the  width  is  reduced  to  2  at  the  apex  and  4  for  the  mean 
curve.  The  width  is  about  200  m. ;  the  mean  annual  discharge  per  metre 
in  width  per  second  is  3  or  4  cub.m. 

On  the  Seine  above  Caudebec,  under  similar  conditions  of  width  and 
discharge,  curves  of  the  same  nature  are  found,  which,  not  counting  the 
irregularities  of  width  and  bed,  do  not  appear  to  offer  any  serious 
inconveniences  and  would  give  good  results  if  they  were  well  managed. 

Below  Caudebec  the  speed  increases  rapidly  and  the  situation  changes 

At  Tancarville,  for  a  width  of  500  m.  with  sudden  discharges  which, 
varying  incessantly  in  the  most  spread  out  parts  of  the  river,  are  6  or  8 
cub.m.  per  metre  in  width  per  second  at  mid-tide  and  in  spring  tides 
and  reach  a  maximum  of  10  cub.m.  during  the  ebb  tide  and  18  cub.m. 
during  the  flood,  an  arc  of  a  circle  of  about  90*^  with  a  radius  of  2500  m., 
or  five  times  the  width,  occasions  considerable  trouble  and  thus  consti- 
tutes an  excessive  sinuosity. 

These  facts  are  not  sufiiciently  numerous  to  enable  us  to  form  any 
fixed  or  general  conclusions. 

We  shall  only  observe  that  the  case  of  Tancarville  is  absolutely  excep- 
tional and  abnormal;  it  is  caused  by  bad  management  of  widths.  In 
general  the  conditions  usually  met  with  are  more  like  those  of  the  Garonne. 

By  adopting  80^  or  100°  as  the  angle  of  sinuosity  good  practical  con- 
ditions will  be  obtained. 

The  facts  relating  to  Tancarville  also  show  that  in  a  tidal  river  opera- 
tions must  be  regulated  by  spring  tides  and  not  by  neap  or  average  tides. 

This  raises  the  general  question   of  the  effect  of  sinuosities  in  tidal 
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rivers.  Many  engineers  declare  that  there  is  good  reason  for  suppressing 
them,  because  they  interfere  with  the  rising  tide  and  the  hydraulic  force 
of  the  stream. 

With  regard  to  the  filling  up  of  the  bed  there  is  no  doubt;  still  we 
must  also  consider  the  good  regime  of  the  channel  of  navigation  and  the 
action  of  the  ebb-tide.  If  it  is  admitted,  as  we  think  it  should  be,  that 
in  these  latter  circumstances  straight  forms  of  beds,  or  those  that  are  too 
little  or  too  irregularly  sinuous,  present  inconveniences,  we  shall  find  we 
have  two  contrary  principles  to  reconcile.  This  may  be  done  by  soften- 
ing down  the  sinuosities  and  regulating  them  as  well  as  possible  by 
means  of  graduated  curves  and  a  suitable  regulation  of  the  width  by 
means  of  which,  as  the  example  of  the  Garonne  proves,  we-  may  con- 
siderably reduce,  even  during  the  flood,  the  loss  of  power  and  guard 
against  the  filling  up  of  the  channel.  At  Tancarville,  although  the  exag- 
geration of  the  curve  is  certainly  an  obstacle,  the  insufficient  width  is 
nevertheless  the  principal  factor. 

This  therefore  remains  an  open  question;  but  however  we  may  wish 
to  do  away  with  the  sinuosities,  it  is  not  always  easily  done,  and  if  they 
are  preserved  they  still  require  the  best  possible  management. 

From  this  point  of  view  at  least  the  study  of  rational  sinuosities  is 
important  and  essential  for  tidal  rivers  as  for  others. 

One  of  the  questions  set  forth  by  the  Congress  has  reference  to  the 
practical  rules  to  be  adopted  in  choosing  the  form  of  bed  and  constitu- 
tuing  the  summer  bed  in  both  tidal  and  non-tidal  rivers;  the  magnitude 
of  it  is  so  great  that  it  would  be  imprudent  for  us  to  touch  upon  it. 

§  7.    ANALYSIS  OF  THE  DIAGRAMS  OF  THE  MARITIME  SEINE. 

We  have  taken  as  a  level  of  comparison  the  average  level  of  the  ebb- 
tide, or  the  level  obtained  by  dividing  the  total  duration  of  the  ebb  by 
the  area  of  a  curve  of  which  the  abscissa  represents  the  time  and  the 
ordinate  the  corresponding  height  of  water,  i.e.  if  T  =  duration  of  ebbing 
tide,  h  =  the  height  at  each  moment,  and  H  =  the  height  of  water 
corresponding  to  the  average  height  of  the  ebbing-tide : 


■/; 


H=    I         A^. 


We   have  brought  down  to  this  level  all  the  diagrams  connected  with 
the  present  study. 

Plate  III  gives  drawings  of 

1.  Sections; 

2.  Widths ; 

3.  Discharges; 

4.  Concave  curves; 
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(these  latter  being  connected  in  the  same  drawings  as  they  are  on  one 
bank  or  the  other). 

6.  Same  depths  reduced  to  the  level  of  the  marine  charts ; 

6.  Maximum  depth  of  water  with  regard  to  the  level  of  the  ebbing-tide. 

We  shall  point  out  directly  that  the  soil  in  many  parts  of  the  Seine 
being  incapable  of  being  washed  away,  there  are  ledges  which  form 
dams,  for  which  all  theories  founded  upon  the  mobility  of  the  bed  cease 
to  be  applicable. 

Besides  these  ledges  the  Seine  throughout  its  length  presents  great 
varieties  of  width,  a  fact  which  forms  a  complication  with  regard  to  the 
laws  observed  on  a  part  of  the  Graronne  where  the  width  is  sensibly 
constant.  It  was  therefore  very  interesting  to  nullify  the  influence  due  to 
the  variations  of  curvature  and  that  due  to  the  variations  in  width. 

It  is  in  this  sense  that  we  have  prepared  the  present  study. 

We  should  also  remark  that  the  importance  of  the  volume  of  water 
being  equal  to  '^/^oo  of  the  volume  of  water  discharged  and  on  the  other 
hand  the  duration  of  the  flood  being  equal  to  ^!^  of  the  ebb,  it  follows 
that  the  bed  of  the  Seine  may  be  considered  as  giving  passage  at  each 
tide,  at  least  in  the  lower  portion,  to  two  strong  currents  of  equal  force 
running  in  opposite  directions. 

Under  these  conditions  the  efifect  of  the  curves  being  given,  the  law  of 
digression  should  be  felt  in  both  directions  to  a  greater  or  less  degree, 
according  to  the  points  considered  and  also  according  to  the  degree  of 
inconvenience  caused  by  the  curves  during  the  ebb  or  flow  of  the  tide. 

We  will  step  by  step  follow  the  Seine  from  Tancarville  as  far  as 
Rouen ;  we  will  not  deal  with  the  lower  portion  of  the  river,  for  the 
variations  in  the  channels  of  the  estuary  have  an  influence  foreign  to 
the  study  with  which  we  are  at  present  occupied. 

We  give  in  Plate  II  a  special  diagram  in  which  we  have  only  indi- 
cated the  depths  at  the  average  level  of  the  ebb-tide  and  the  width. 

This  comparison  brings  out  in  a  most  striking  manner  the  relation 
between  the  widths  and  depths  observed. 

It  seems  that  in  the  main  the  two  diagrams  are  in  every  respect 
parallel. 

We  will  keep  back  this  important  point  and  pass  on  to  Plate  III. 

The  influence  of  the  variations  in  width  between  kilometres  331  and 
334  is  corrected  on  the  drawing  of  the  depths  by  the  influence  of  the 
curve,  which  greatly  accentuates  the  first  indentation  1000  m.  below  the 
apex  of  the  curve  and  which  on  the  contrary  skirts  the  shoal  correspon- 
ding to  the  width  1000  m   above  this  apex. 

At  the  same  time  the  influence  of  the  change  in  direction  at  kilometre 
332.5  is  sensibly  felt,  there  being  a  digression  of  at  least  500  m.  down 
stream. 

The   action   up   stream   is   not   felt   in  consequence  of  the  existence  of 
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sunken  banks  to  which  are  due  the  deepening  of  kilometres  332  and  333 ; 
there  is  here  a  local  action  which  need  not  enter  into  our  study. 

The  influence  of  the  creek  of  St.  Leonard   at   kilometre   330   and   the\ 
consequent  shrinking  of  the  bed  is  very  striking. 

It  is  the  same  with  the  increase  in  width  towards  kilometre  327. 

The  effect  of  the  curve  of  Vieux  Port  is  shown  by  a  digression  of 
about  600  m.  an  up  stream  and  700  m.  down  stream. 

With  regard  to  the  deepening  of  kilometres  323  and  324,  it  is  due  to 
the  presence  of  the  bank  of  Les  Hagues  which  forms  a  regular  bar, 
against  which  the  flood  tide  exhausts  itself  in  undermining  it. 

The  effect  of  the  next  curve  occasions  digressions  of  600  m.  up  stream 
and  900  m.  down  stream. 

The  curve  between  kilometres  316  and  316  has  but  slight  effect  down 
stream,  but  is  very  appreciable  up  stream,  causing  a  digression  of  260 
metres;  this  would  go  to  establish  a  principle  that  a  short  and  abrupt 
curve  exercises  a  more  marked  action  on  the  flood  than  the  ebb. 

The  three  indentations  in  the  width  at  Villequier  appear  in  the  depths, 
attenuated  and  modified  as  regards  their  position  by  kilometre  313  to 
314.  It  seems  that  the  digressions  due  to  the  curve  are  400  m.  down 
stream  and  800  m.  up  stream. 

The  effect  of  the  curve  of  kilometre  311  is  felt  700  m.  up  stream;  the 
effect  down  stream  manifests  itself  by  causing  the  incline  of  the  thalweg 
to  be  steeper  than  it  would  have  been  if  the  variation  in  the  width 
alone  had  been  taken  into  account. 

The  influence  of  the  change  in  direction  between  kilometres  310  and 
811  causes  a  mound  up  stream  which  the  width  no  longer  justifies  and 
a  digression  of  400  m. 

In  the  same  way  between  kilometres  309  and  308,  the  combined  effect 
of  the  curve  and  the  variations  in  width  is  very  sensible  and  corres- 
ponds to  a  digression  of  400  m.  up  stream  and  600  m.  down  stream. 

We  will  not  stop  at  the  holes  in  kilometres  304  and  306  m.,  300  m. 
corresponding  to  sunken  dams.  The  effect  of  the  curve  of  kilometre  306 
and  306  is  felt  down  stream  by  a  digression  of  about  800  m. 

Further  on  we  find  the  influence  of  the  widening  at  Le  Malacquis 
very  clearly  corrected  600  or  600  m.  down  stream  by  the  curve  of 
kilometre  302. 

The  great  depth  of  bottom  between  kilometres  300  and  301  depends 
upon  a  submarine  bank;  it  is  independent  of  the  curve  between  the 
two  kilometres;  the  effect  of  the  latter  is  felt  with  a  digression  of  700  m. 
down  stream. 

The  curves  between  kilometres  300  and  296  combined  with  the 
variations  in  width  give  almost  exactly  the  same  depths  and  shallows 
as  result  from  M.  Fargue's  theory  with  a  digression  of  700  m.  down 
stream. 
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The  great  stretch  of  deep  water  met  with  at  kilometre  296  depends  on 
the  existence  of  a  submarine  cape;  it  has  nothing  to  do  with  the  curve 
or  the  width  at  low-tide  level. 

The  influence  of  the  hole  of  Les  Hagues  coinciding  with  a  straight 
line  determines  a  shallow,  after  which  the  thalweg  again  obeys  the  law 
of  variations  in  width  with  the  corrections  due  to  curves. 

The  minimum  depth  at  kilometre  291  corresponds  to  a  minimum 
curve  at  a  spot  where  the  width  is  also  minimum  and  with  a  digression 
down  stream  of  about  500  m. 

In  the  same  way  the  effect  of  the  curves  of  kilometres  285  and  283  is 
very  plainly  felt  400  m.  down  stream  by  a  mound,  due  to  the  excess 
of  width.  (See  Plate  II.) 

Between  kilo^ietres  283  and  274  the  same  effect  is  produced  with 
digressions  of  300  or  400  m.  down  stream. 

We  meet  with  the  same  results  at  the  bank  of  Bardouville,  although 
much  enfeebled  by  the  slight  mobility  of  the  bottom  and  altered  by  the 
dredging  that  has  latterly  been  effected. 

Starting  from  kilometre  265  we  meet  with  a  great  depth  at  Caumont 
due  at  once  to  the  shrinking  and  to  a  considerable  bend  with  digressions 
which  appear  to  be  800  m.  up  stream  and  400  m.  down  stream. 

We  next  have  depths  corresponding  almost  exactly  with  the  variations 
in  width. 

The  influence  of  the  curve  is  also  very  clearly  shown  between  kilo- 
metres 258  and  254.  But  in  this  region  as  far  as  Rouen  the  presence  of 
numerous  islands  through  which  channels  have  been  dug  no  longer 
permits  us  to  draw  any  conclusions. 

The  above  analysis  shows  that  the  variations  of  depth  on  the  Seine 
clearly  depend  on  the  variations  in  width  combined  with  curves. 

Wherever  there  are  only  variations  in  width,  the  various  depths  of  the 
channel  appear  to  follow  them  without  any  appreciable  digression. 
Wherever  the  variations  in  width  are  relatively  continuous,  the  depth 
follows  the  influence  of  the  curve  and  the  form  of  the  bed. 

It  would  even  seem  that  in  ground  only  slightly  susceptible  to  the 
action  of  the  current  the  above  effects  continue  to  occur,  although  their 
absolute  intensity  is  reduced. 

Wherever  we  have  together  an  increase  in  width  and  a  reduction  in 
the  curves  we  are  certain  to  have  shallows. 

Although  it  is  a  very  delicate  matter  to  fix  the  digressions,  as  we 
have  done  above,  and  may  in  certain  cases  give  rise  to  dispute,  it  is 
remarkable  that  the  digressions  up  stream  are  met  with  between  Tancar- 
ville  and  Le  Trait,  where  they  disappear. 

It  is  precisely  at  Le  Trait  that  the  bore  ceases  to  be  felt. 

The  most  marked  digressions  up  stream  are  at  Tancarville,  near 
Villequier,  that  is  to  say  in  those  places  where  the  width  is  least. 
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We  meet  also  with  another  exceptional  digression  up  stream;  it  cor- 
responds to  the  abnormal  shrinking  at  Caumont. 

If  we  compare  these  results  with  the  indications  drawn  from  the 
curves  and  discharges,  we  see  that  the  volume  introduced  by  the  flood- 
tide  diminishes  very  rapidly  between  Tancarville  and  Le  Trait.  Prom 
there  as  far  as  Caumont  it  remains  almost  constant,  diminishing  once 
more  very  rapidly  up  to  Rouen. 

All  contractions  and  sinuosities  interfere  with  the  introduction  of  the 
tide  and,  according  to  their  dimensions,  more  or  less  affect  the  hydraulic 
power  of  the  river. 


SUMMARY  AND  CONCLUSIONS. 

A.  The  relation  between  curtes  and  the  variations  in  depth  is  demonstrated 
by  the  Oaronne  and  maritime  Seine.  On  the  Oaronne  where  the  varijatians  in 
width  are  relatively  very  regular  and  the  curves  gradual,  the  variations  in 
depth  are  identical  unth  the  curves.  On  the  Seine  where  the  variations  on  the 
contrary  are  very  irregular^  the  two  actions  combine  and,  by  comparing  the 
diagrams,  the  influence  of  the^  two  causes  respectively  may  be  observed  point 
by  point. 

B.  The  action  of  the  curves  increases  with  the  width,  the  depth  and  the 
speed,  that  is  to  say  the  discharge,  and  also  depends  upon  their  circumstances 
—  the  nature  of  the  bed,  the  natur4  of  the  bottom  etc.  —  ail  of  them  in 
proportions  which  cannot  be  formulated  in  a  general  manner. 

It  is  natural  to  eocpress  the  influence  which  is  probably  proportional  to  the 
width  by  calculating  the  curves  by  the  ratio  between  the  radius  of  the  curve 
and  this  vridth.  On  the  Oaronne,  with  an  average  discharge  per  metre  in 
width  per  second  of  S  or  4:  m.,  the  ratio  between  the  radius  of  the  curve  and 
the  iDidth  may,  vnthout  inconveniefiice  to  the  channel,  or  apparently  voith  advan" 
tage,  be  4  for  the  mean  curve  and  2  for  the  apex.  The  Seine  above  Caudebec 
presents  similar  conditions. 

Below  Caudebec,  at  Tancarville,  the  ratio  of  5  for  a  curve  {the  arc  of  a 
circle)  is  manifestly  excessive  and  provokes  serious  troubles  for  the  average 
discharges  per  metre  in  width,  since  these  latter  are  nearly  double^  and  in 
spring  tides  three  or  even  four  times,  the  flood  by  reason  of  the  height  of  the 
tides  and  the  insufficient  width. 

C.  The  law  of  digression,  which  on  tidal  rivers  acts  in  both  directions,  is 
general.  The  digression^  which  varies  according  to  the  conditions  of  the  form 
of  the  bed  and  the  discharge  in  proportions  not  yet  determined,  is  especially 
caused  by  the  width. 
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For  practical  purposes  in  the  management  of  the  forms  of  beds  the  ratio 
of  2  between  the  digression  and  the  vridth  may  be  adopted. 

D.  TJie  regulation  of  the  width  is  above  all  the  most  important  considera-- 
tion,  not  even  the  doctrine  of  the  rational  sinuous  forms  of  beds  has  been 
able  to  lessen  its  influence.  The  latter  only  attempts  to  obtain  better  results 
where  the  variations  are  regtdar  and  presumed  to  be  suitable. 

The  comparative  merits  of  straight  and  sinuous  forms  of  beds  constitutes  a 
question  which  still  remains  open;  but  in  every  case^  as  these  sinuosities  are 
most  often  inevitable^  it  is  still  necessary  to  study  how  they  should  be  man- 
aged in  order  that  they  may  be  as  useful,  or  as  little  hurtful,  as  possible, 
which  practically  comes  to  the  same  thing. 

E.  The  same  observation  applies  to  sinuosities  in  tidal  rivers. 

They  always  to  a  greater  or  less  degree  a/xording  to  their  importance 
admit  of  a  loss  of  effective  force,  which  interferes  with  the  introduction  of  the 
flood  and  the  hydraulic  power  of  the  river. 

Besides  M.  Fargde  many  engineers  advise  the  suppression  of  them.  This 
controvertible  and  delicate  question  remains  open,  but  still  generally  speaking 
it  vnll  be  necessary  if  not  to  introduce  sinuosities  at  any  rate  to  reduce  them. 
It  is  therefore  necessary  on  tidal  rivers  as  on  others  still  further  to  study  their 
management. 

F.  The  forms  of  beds  formed  of  straight  lines  connected  by  arcs  of  a 
circle,  if  they  are  well  managed  as  regards  their  curves,  their  development, 
the  position  of  the  points  of  tangence,  sv^ccessive  variations  in  width,  may  give 
satisfactory  results;  but  the  substitution  of  arcs  of  a  circle  for  graduated 
curves,  which  only  corresponds  to  a  simplification  tvithout  practical  interest, 
can  nevertheless  only  present  inconveniences.  To  appreciate  this  it  might  be 
useful  to  take  observations  respecting  the  nature  of  the  depth  along  the  arcs, 
especially  vnth  regard  to  the  variations  in  discharge. 

G.  All  variations  in  discharge,  high  and  low  waters  in  ordinary  rivers, 
spring  and  neap  tides  in  tidal  rivers,  complicate  the  management  which  is 
the  more  easy  according  as  it  is  most  regular.  The  forms  of  beds  recom- 
mended by  M.  Farque  are  culculated  to  reduce  to  a  minimum  the  variations 
in  the  line  where  the  action  of  the  current  is  strongest,  which  determines  the 
thalweg,  and  to  create  in  the  convexities  a  system  of  alternate  curves,  where 
matter  is  deposited  after  successive  floods  and  droughts.  These  points  present 
a  capital  importance,  but  require  verification  and  doubtless  may  still  be  the 
subject  of  much  dispute. 

H.  The  use  of  synoptic  diagrams,  which  are  intended  to  make  clear  all  the 
elements  which  characterise  a  river  and  have  a  mutual  influence,  is  effective 
and  even  essential  not  only  for  the  advancement  of  science,  but  also  for  carrying 
out  improvements  independently  of  any  theory  and  for  controlling  results. 

Translated  by  Francis  A.  Oliver. 
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moyen  de  jusant. 

Axe  de  la  riviere  developp^. 

Lien  g6om6trique  des  profondeurs 
d'eau  maxima  au-dessous  du 
niveau  moyen  de  jusant. 

Digue  basse. 

Rescindement  projet^  de  la  con- 
vexity. 

Digue  ddtruite. 

Trou. 

Sable  fin,  fond  mobile. 

Sable  vaseux. 

Fonds  non  mobile,  quelques  roches. 

Sable  vaseux  mdlang^  de  quelques 
galets,  assez  mobile. 

Gravier  et  galets,  quelques  rocbes. 

Cailloux,  gravier  et  sable. 
Vase  et  argile  tres  dure. 
Cailloux  et  vase  tr^  dure. 
Tourbe. 

Mknoih-Lecbvulx  k  Ouiabd. 


BLATT  I. 

Breitendiagramme. 

Diagramm   der    Krummungen  der 

concaven  Ufer. 
Man   hat  die  Werthe  von 

in  Ordinaten  unter  der  Abscissen- 

achse  eingetragen. 
Diagramm  der  Maximalwassertiefen 

anter  den  Nullpunkten  der  Pegel. 

„Passe^'  und  Stellen,  genannt: 

BLATT  II. 

Breitendiagramm      bei     mittlerem 

Ebbe-Wasserstande. 
Achse  des  entwickelten  Fl asses. 
Qeometrischer    Ort    der   Maximal- 
wassertiefen unter  dem  mittleren 

Ebbe-Wasserspiege] . 
Niedriger  Deich. 
Geplante  Abanderung  derconvexen 

Form. 
Zerstorter  Damm. 
Loch. 

Feiner  Sand,  beweglicher  Boden. 
Schlammiger  Sand. 
Nicht    beweglicher    Boden,   einige 

Felskopfe. 
Ziemlich   beweglicher   schlammiger 

Sand  boden,  mit  etwas  Flusskiesel 

vermischt. 
Grand  und  Flusskiesel,  einige  Fels- 

kopfe. 
Kieselsteine,  Grand  und  Sand. 
Schlamm  und  sehr  barter  Thon. 
Eieselsteine  und  sehr  zaher  Schlamm. 
Torf. 


PLATE  I. 

Diagram  of  widths. 

Diagram  of  concave  curves  of  the 
banks. 

The  values have  been  re- 
presented by  ordinates  below  the 
axis  of  the  abscissae. 

Diagram  showing  maximum  depths 
of  water  below  the  zero  marks 
of  the  scales. 

Passages  and  places  called : 

PLATE  II. 

Diagram   of  width    at    the   mean 

level  of  the  ebb. 
Tracing  of  the  course  of  the  river. 
Locus  of  maximum  depths  at  the 

mean  level  of  the  ebb. 

Low  dike. 

Projected   modification    of  the  con- 
vexity. 
Ruined  dike. 
Hole. 

Fine  sand,  unstable  bottom. 
Slimy  sand. 
Constant  bottom,  a  few  rocks. 

Slimy  sand  mi;ped  with  pebbles, 
rather  unstable. 

Gravel  and  pebbles,  some  rocks. 

Stones,  gravel  and  sand. 
Slime  and  very  hard  clay. 
Stones  and  tenacious  mud. 
Turf. 


Sable   vaseux    melange    de   coquil- 

lages  minuscales. 
Argile  compacte  et  argile  sablease. 

Argile,  sable  et  marne. 
Sable  et  gravier. 

PLANCHE  111. 

Diagramme    des    largeurs    de     la 

riviere    an     niveau    moyen     de 

jusant. 
Diagramme  des  sections  au  niveau 

moyen  de  jusant. 
Diagramme  des  courbnres  concaves 

des  rives  des  fleuves. 
On   a  porte  en  or  don  nee  la  valeur 

de  .  .  .  . 
Sur   ce   diagramme  est   indiqu^  la 

valeur    de    la     courbare     kilo- 

metrique. 
Diagramme   des   profondeurs  d^eau 

maxima  au   dessous    du    niveau 

moyen  de  jusant. 
Diagramme   des  debits    totaux    de 

jusant. 
Diagramme  des  cubes  introduits  en 

amont   des   diverses   stations   de 

la  Seine. 
Rive  droite. 

„    gauche. 
Le    developpement     de    Faxe     de 

la  riviere  est  represents  a  Techelle 

de  .  .  .  . 
Zeros  des  diagrammes  des  largeurs, 

sections,    courbures    et     profon- 
deurs. 
Zero  des  diagrammes  des  debits. 

Le  niveau  moyen  de  jusant  au- 
dessus  du  zero  des  cartes  marines 
au  Havre  est  .  .,.  . 

(Pour  les  autres  inscriptions,  voir 
les  traductions  PI.  11.) 

Inscriptions  sou  vent  repetSes. 

Digue. 

Echelle. 

LSgende. 

Pont. 


Schlammiger  Sand  mit  ganz  kleinen 

Muscheln  vermischt. 
Massiger  Thon  und  mit  Sand  ver- 

mengter  Thon. 
Thon,  Sand  und  Mergel. 
Sand  und  Grand. 

BLATT  111. 

Breitendiagramm   des    Flusses    bei 
mittlerem  Ebbe-Wasserstande. 

Querschnittsdiagramm  bei  mittlerem 

Ebbe-Wasserstande. 
Diagramm    der    concaven    Krtim- 

mungen  der  Stromufer. 
Man    hat   den  Werth  von 

als  Ordinate  eingetragen. 
Auf    diesem     Diagramme    ist    der 

Werth  der  kilometrischen  Krtim- 

mung  angegeben. 
Diagramm  der  Maximal -Wassertie- 

fen    unter   mittlerem  Ebbe-Was- 

serspiegel. 
Diagramm    der    Gesammt-Wasser- 

abfuhr  bei  Ebbe. 
Diagramm   der    oberhalb   der  ver- 

schiedenen   Seinestationen  einge- 

fUhrten  Wasserinhalte. 
Rechtes  Ufer. 
Linkes        „ 
Die    Entwicklung    der   Stromachse 

ist  im  Maasstabe  von  ....  wie- 

dergegeben. 
Nullpunkte     der     Breiten-,     Quer- 

schnitts,    Krilmmungs-   und  Tie- 
fen- Diagramme. 
Nullpunkte  der    Wasserabfuhr-Dia- 

gramme. 
Der    mittlere     Ebbe-Wasserspiegel 

iiber  Null  auf  den    Marinekarten 

in  Havre  liegt  .... 
(Die     anderen     Ausdrticke,     siehe 

Uebersetzungen  zu  Blatt  11.) 
Uaufig  vorkommende  Inschriften. 
Deich,  Damm. 
Maasstab. 
Zeichenerklarung. 
Briicke. 


Slimy    sand    mixed    with    mi 

shells. 
Hard  clay  and  sandy  clay. 

Clay,  sand  and  marl. 
Sand  and  gravel. 

PLATE  III. 

Diagram    showing   width   of 
at  the  mean  level  of  the  el 

Diagram   of  sections   at  the 

level  of  the  ebb. 
Diagram   of    the    concave 

of  river-banks. 
The    value  ....  has   been 

sen  ted  by  the  ordinate. 
On    this   diagram   is  indica 

value    of  the  curve  a  kilo: 

in  length. 
Diagram    showing    the   ma 

depths  below  the  mean    Ibv^ 

the  ebb. 
Diagram  showing  the  total 

ges  at  low  water. 
Diagram  showing  amount  of 

received  above  certain  pla 

the  Seine. 
Right  bank. 
Left        „ 
The  diagram  showing  the  f( 

the  river-bed  is  represent 

scale  .... 
Zero  lines  of  the  diagrams  sli 

the  widths,   sections,  cnrvt 

depths. 
Zero  lines  of   the  diagrams  *. 

ing  the  discharges. 
The   mean   level  of  thei  ebb; 

the  zero  mark  ofthenav 

at  Havre  is  ...  . 
(For  other  references  see  thej 

lations  under  plate  11.) 
Words  frequently  repeated. 
Dike. 
Scale. 
References. 
Bridge.  "J 
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Relation  between  the  form  of  river-banks  and  the 

depth  of  the  channel  or  thalweg. 


BY 


B.  3.  CASTENDIJE, 

Ing^nienr  de  Ire  classe  du  Waterstaat  &  Nim^gue. 


For  the  investigation  of  the  relation  forming  the  subject  of  this 
question  a  longitudinal  sketch  of  the  Wahal  has  been  drawn  up  and 
will  be  found  subjoined  to  the  present  treatise. 

For  the  necessary  data  concerning  the  capacity,  levels  etc.  of  this 
river,  as  well  as  its  normalisation,  I  refer  to  the  information  given  on  this 
subject  in  the  memorandum  composed  by  M.  van  dbr  Slbyden  in  con- 
sort with  myself  upon  the  seventh  question. 

With  regard  to  the  works  executed  since  1888,  the  following  remarks 
may  be  made. 

The  interests  of  navigation  required  a  greater  continuous  depth  of 
channel  than  that  afiForded  by  the  works  in  existence  before  that  year. 
It  resulted  from  a  calculation  that,  by  a  contraction  of  the  bed  of  the 
river  which  in  summer  is  360  m.  wide  in  the  straight  parts  of  its  course 
and  310  m.  in  the  curves,  an  average  depth  of  8  m.  might  be  met  with, 
taking  as  a  standard  a  level  of  about  1.25  m.  below  the  mean  low- 
water  mark  during  the  years  1871—80;  at  this  low  level  it  is  cal- 
culated that  the  discharge  will  be  870  cub.  m.  per  second.  In  the  straight 
parts  of  the  course  a  depth  of  channel  about  equal  to  the  average  depth 
might  be  counted  on.  Provisionally  however  we  might  be  satisfied  with 
a  depth  of  2.70  m. 

In  the  project  for  the  improvement  of  the  Wahal  the  normal  width 
was  as  far  as  possible  maintained  at  the  apex  of  the  curves. 

The  methodical  widening  and  contracting  of  the  normal  bed  and  a 
regular   transition  of  the   straight  portions  to   maximum  curves  in  the 
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sinuosities  were  obtained  by  joining  the  straight  banks  to  increasing  and 
decreasing  curves. 

For    this    purpose   lemniscates,    recommended   by   M.   Farque,    were 
employed,  the  general  equation  in  polar  coordinates  being: 


n-l 


r  =  A  A/'sin(n— 1)  0 

where  n  and  A  are  constants  which  may  be  chosen  in  such  a  manner 
as  to  obtain  the  most  favourable  line  in  any  given  case. 

The  lines  chosen  should  depart  as  little  as  possible  from  the  situation 
existing  in  1889  and  should  not   cause  the  destruction  of  existing  works. 

In  drawing  up  the  project  it  was  supposed  that  arcs  of  a  circle  of  a 
radius  of  3000  m.  might  without  difficulty  be  allowed.  Also  for  the 
almost  straight  portion  of  the  river  from  Nimfegue  to  Tiel  (Kilometres 
li6— 56)  such  arcs  were  almost  exclusively  used. 

The  lemniscates  which  we  have  just  referred  to  were  applied  to  arcs  of 
less  radius. 

(See  the  article  on  this  subject  by  M.  Doyer  in  the  „Tijdschrift  van 
het  Koninkl.  Instituut  van  Ingenieurs",  1891 — 1892,  pp.  1 — 13). 

On  the  lower  part  of  the  river,  where  the  ebb  and  flow  of  the  tide  is 
felt,  commencing  below  Hurwenen  near  kilometre  70,  the  normal  width 
down  stream  increases  regularly  in  the  straight  portions  from  310  to 
400  m.  and  in  the  curves  to  426  m. 

The  contraction  of  the  bed  in  time  of  drought  was  eflPected  by  groins 
which  slant  into  the  river  at  an  incline  of  4  in  1. 

Where  the  existing  works  were  not  situated  too  far  from  one  another 
they  were  lengthened  to  meet  the  new  normal  lines  at  right  angles. 

Where  the  intermediate  distances  were  too  great  new  works  were  built 
between  those  already  existing. 

Outside  the  fascines  dredging  had  been  carried  on  on  a  large  scale  to 
deepen   the   shallow   places  where   it  was  desired  to  direct  the  channel. 

The  object  of  this  dredging  was : 

1^.  To  hasten  the  formation  of  a  continuous  channel. 

2''.  To  prevent  objectionable  movement  of  sand  in  places  below  which 
works  were  in  the  course  of  construction ; 

3<*.  To  widen  the  transverse  section  where  it  was  inclined  to  contract 
owing  to  the  groins; 

4<>.  To  remove  the  influx  of  sand  from  the  German  Rhine. 

The  project  which  was  formed  in  1889  on  this  basis,  the  cost  of  which 
was  estimated  at  fl.  2500000  to  be  distributed  over  four  years,  included 
the  prolongation  of  267  existing  groins,  with  a  total  length  9425  m., 
the  construction  of  49  new  groins,   of  a  total  length  of  3479  m.  and  the 
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removal  by  means  of  dredges  of  3458000  cub.m.  of  sand  from  the  bed 
of  the  river. 

The  necessary  funds  were  voted  by  the  law  of  October  28*^  1889. 

The  work  was  carried  out  in  the  years  1889,  1890,  1891  and  1892. 
The  cost  amounted  to  more  than  the  fl.  2500000  at  which  it  was 
estimated. 

The  works  constructed  were: 

96  nev  groins,  in  length 6385  m. 

2  dikes  along  the  banks 676    » 

lengthening  of  306  groins  of  a  total  length  of    .     10139    n 

Total  .      17200  m. 

Total  of  matter  dredged 6819000  cab.m. 

This  work  has  in  general  realised  the  expectations  formed  of  it, 
especially  as  regards  the  requisite  depth,  2.70  m.,  which  has  been  obtained 
almost  throughout. 

In  the  lower  part  of  the  river,  near  Loevestein,  where  this  depth  was 
not  quite  reached  in  1893,  we  can  hardly  expect  a  constant  condition  of 
the  bed  as  long  as  the  waters  of  the  Meuse  have  access  to  it.  This 
access  will  be  cut  oflf  when  the  mouth  of  the  latter  river  is  changed.  The 
subjoined  chart  represents  the  condition  of  the  part  of  the  river  near 
Heerewaarden  in  1894  after  the  completion  of  the  works  mentioned 
above  and  of  the  same  part  in  1861  when  no  normalisation  had  as  yet 
been  effected. 

On  both  of  them  have  been  drawn  lines  showing  a  depth  of  3  m. 
below  low-water  mark,  which  is  3  m.  above  N.  A.  P.  (1)  at  S^  Andries, 
equal  to  1.40  m.  below  the  mean  low-water  mark  of  1871 — 80  (4.40  m. 
above  N.  A.  P.  at  this  point). 

The  subjoined  longitudinal  section  represents  the  condition  on  the 
upper  Rhine  and  upper  Wahal  at  the  commencement  of  1894. 

Besides  the  average  depth  of  the  normal  bed  in  each  transverse 
section,  it  indicates  both  the  greatest  and  least  depth  of  the  channel,  cal- 
culated over  a  width  of  150  m.  for  the  upper  Rhine  (kilometres  0—10) 
and  of  100  m.  for  the  Wahal. 

Above  the  longitudinal  section  properly  so  called  the  width  of  the 
river  has  been  represented,  measurements  having  been  taken  between  the 
heads  of  the  groins  where  the  normalisation  works  exist  and  at  the 
height  of  mean  low-water  where  there  are  none. 

Below  the  longitudinal  section  is  found  the  curve  formed  by  the  nor- 
mal banks.  As  the  plane  surface  of  the  sketch  is  the  vertical  projection 
of  a  cylinder,  the  position  of  the  bed  being  normal  and  indicating  the 
direction,  and   everything   is   projected   upon  it,  the  curves  have  under- 


(i)  New  Standard  of  Amsterdam. 


gone   Bome  modification  in   their  form.  However  this  presents  no  incon- 
venience as  far  as  the  general  idea  is  concerned. 

Although  on  the  upper  Rhine  and  upper  Wahial  the  greatest  depth  is 
generally  found  in  the  parts  presenting  the  strongest  curves  and  the 
places  of  least  depth  near  the  changes  in  direction  and  in  the  straight 
parts,  it  has  been  found  impossible  to  discover  the  relation  between  the 
extent  of  the  bend  and  the  depth,  or  between  the  distances  between  the 
points  of  greatest  and  least  depth  and  the  corresponding  points  where  ' 

the  curve  is  greatest  or  least. 

In  general  however  the  bottom  of  the  river,  being  composed  of  sand 
mixed  with  gravel,  is  so  inconstant  at  this  point  that  the  above  result 
is  not  astonishing. 

An  examination  undertaken  expressly  for  the  purpose  and  based  upon 
the  results  obtained  by  transverse  soundings  during  the  last  six  years 
has  shown  that  the  Wahal  may  be  divided  into  two  distinct  parts: 

1.  The  part  commencing  at  the  point  of  separation  near  kilometre  10 
and  extending  as  far  as  kilometre  44,  where  the  movement  of  the  regions 
of  deep  and  shallow  water  undergoes  but  little  modification  and  the 
condition  of  the  bed  of  the  river  may  be  considered  constant; 

2.  The  part  between  kilometre  44  and  the  confluence  with  the  Meuse 
(kilometre  94),  in  which  a  general  movement  in  the  bed  of  the  river  is 
observed  in  a  down  stream  direction,  both  in  deep  and  shallow  places. 

It  is  to  be  observed  that  this  movement  takes  place  at  a  rate  which 
varies  in  difierent  places  between  250  and  500  m.  annually,  and  it  is 
independent  of  the  form  of  the  geometrical  projection,  that  is  to  say  the 
straight  or  curved  course,  where  it  is  observed  both  in  the  convex  and 
concave  banks. 

How  far  the  works  completed  only  last  year,  referred  to  above, 
influence  this  movement  cannot  yet  be  determined. 

Translated  by  Francis  A.  Oliver. 
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GELDERSCHE  YSSEL 

BY 

H.  DOYER, 

Engineer  {3rd  class)  for  Waterways,  Zntpben. 


On  the  programme  of  work  proposed  for  the  VI***  International  Inlan^l 
Navigation  Congress  the  sixth  question  refers  to  the  correlation  between 
curve  and  depth  of  water  in  river  channels. 

The  Geldersche  Yssel  with  its  extremely  winding  course  seemed  to  me 
very  appropriate  for  the  purpose  of  illustration  and  proof. 

I  had  not  time  to  study  its  whole  length,  and  therefore  chose  six 
sections  of  it,  each  from  6  to  9  miles  long. 

Three  of  these  sections  contain  sharp  curves,  viz. :  The  curve  near  Steeg 
village,  Kilometre  XI — XX; 

The  curve  above  Zutphen,  Kilometre  XXXIX— XLVII ; 

The  curve  near  Veessen,  Kilometre  LXXX — LXXXVII. 

In  the  other  three  sections,  viz: 

Prom  Dieren  to  Brummen,  Kilometre  XXXII— XXXIX  ; 

The  curve  above  Deventer,  Kilometre  LIX — LXV ;  and 

That  near  Deventer  LXIV— LXXI, 
the  course  of  the  river  is  less  winding. 

For  several  years  past  no  regulating  work  of  any  importance  has  been 
carried  out  in  these  sections. 

It  may  therefore  be  supposed  that  there  is  a  stable  bottom,  as  far  as 
that  is  possible  with  a  bed  consisting  of  gravel,  and  a  very  irregular 
winter  stream. 

The  article   by  Mr.  Fargue  on  the  correlation  between  the  line  of  bed 
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and  depth  of  water  in  rivers  having  shifting  bottoms  has  guided  me  in 
my  study.  The  article  referred  to  was  published  in  the  „Annales  des 
ponts  et  chauss6es,  4**^  serie  1868". 

The  graphical  plans  here  annexed  are  generally  composed  in  the  same 
way  as  those  of  the  article  mentioned. 

They  show  the  width  of  the  river  during  average  height  of  flow,  the 
minimum  depth  in  a  navigable  channel  not  less  than  15  metres  wide  and 
the  curve  of  the  course  of  the  river. 

I  have  also  shown  the  normal  width,  fixed  by  decree  May  23'^  1867. 

The  width  is  measured  at  the  Kilometre,  and  at  every  100  metre  be- 
tween. 

On  a  chart  on  sufficiently  large  a  scale   (ptoyj^    the   course  of  the  normal 

bed  has  been  traced  by  drawing  a  line  trough  the  points  equally  distant 
from  the  two  banks.  This  line  has  been  plotted  ont  into  curved  and 
straight  lengths ;  the  curves  have  been  determined  by  a  pair  of  com- 
passes. 

The  depth  of  channel  is  drawn  from  the  soundings  of  1893. 

The  Kilometre  limits,  and  the  gauge-marks  are  indicated. 

I  have  also  given  four  water  readings  and  shown  the  difference  of  level. 

These  four  readings  are : 

The  very  high  rise  of  January  1883. 

The  mean  from  1871  to  1880. 

The  low  water  of  January  1858. 

The  height  when  reading  1.50  metres  at  the  Cologne  gauge. 

It  is  hoped  to  attrain  in  the  channel  6  feet  of  water  or  a  depth  of  about 
1.70  m.  at  this  last  reading  termed  normal  low  water. 

The  wished-for  depth  is  therefore  that  shown  by  the  line  traced  1.70 
m.  under  the  normal  low  water  line. 

I  add  that  the  volume  of  water  discharged  near  Westervoort  (Kilometre 
limit  0)  by  the  Greldersche  Yssel  may  be  estimated. 

At  highest  flood  exceeding  1  metres  above  mean  level,  at       ...       .        100  cub.  m. 

With  normal  waters,  at 217     «      « 

At  normai  low  water,  at HO     «      n 

The  lines  in  the  graphical  plans  require  no  explanation. 

In  general  the  top  curve  indicates  deep  water  whilst  a  straight  stretch, 
and  a  change  of  direction  indicate  shallow  water. 

Necessarily  also  the  width  of  the  river  influences  the  depth. 

To  decide  wether  that  depth  increases  with  the  curvature  I  adopted 
the  following  plan. 

The  deep  places  and  the  shallows  in  obvious  connection  with  the 
curve  of  the  river  are  indicated  on  the  plan  by  a  number. 


The  point  where  the  curve  presents  the  feature  to  which  the  deep  or  the 
shallow  water  must  be  attributed  is  marked  with  the  same  number  as  the 
corresponding  deep  or  shallow  water. 

For  each  so-numbered  spot  where  the  water  is  deep  or  shallow  the 
following  table  gives  ; 

a.  The  point  of  the  curve  to  which  the  deep  or  shallow  water  must 
be  attributed;  the  curve  referred  to  being  shown  by  the  Kilometre  limit 
given. 

b.  The  position  of  the  deep  or  shallow  water. 

c.  Distance  between  a  and  6. 

d.  The  radius  of  curve  at  a. 

e.  Width  at  b. 

f.  Normal  width  at  b. 

g.  The  width  in  hundredths  of  the  normal  width. 

h.  Depth  at  2>,  from  the  soundings  of  August  1898,  reduced  to  mean 
water-level. 
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Observations, 


Bend  near  Steeg  village. 
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Slight  curve. 
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30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 


43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


32.8 

33.02 

220 

33.64 

33.8 

160 

33.92 

34.1 

180 

34.1 

34.52 

420 

34.66 

34.78 

120 

34.73 

35.08 

350 

35.1 

35.24 

240 

35.35 

35.58 

230 

35.79 

35.87 

80 

35.9 

36.18 

280 

36.24 

36.26 

20 

36.4 

36.6 

200 

36.68 

36.72 

40 

36.85 

37.17 

320 

37-1 

37.42 

320 

37.25 

37.6 

aw 

37.7 

37.8 

100 

38 

38.2 

200 

38.25 

38.33 

80 

38.4 

38.53 

130 

38.58 

38.68 

100 

39.75 

39.76 

39.9 

40.02 

40.72 

40.9 

40.85 

41.05 

41.09 

41.28 

41.5 

41.73 

41.82 

41.87 

42.2 

42.4 

42.35 

42.5 

42.5 

42.68 

42.82 

42.95 

42.93 

43.23 

43.38 

43.63 

43.55 

43.9 

44.65 

44.8 

45.1 

45.2 

46.1 

1 

46.4 

1 

10 
120 
180 
200 
190 
230 

50 
200 
150 
180 
130 
300 
250 
350 
150 
100 
300 


1250 


500 


210 


325 
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Curve  above  Zutphen. 
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Slight  curve. 
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Section  above  Deventer. 
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Section  near  Deventer. 
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Slight  curve. 
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As  the  places  where  the  water  is  deep  are  met  with  at  some  distance 
below  the  top  of  the  curves,  so  likewise  the  shallows  are  found  some  way 
down  the  straight  parts  or  below  the  changing  of  direction  (loi  de  P6cart). 
The  average  of  this  distance  is  233  metres. 


From  the  above  tables  is  deduced  the  following  table  in  which  the 
depths  are  arranged  in  order  of  length  of  radius  of  curve  and  of  the 
mean  normal  width  of  the  main  channel. 


Depth 
of  main  channel 

in  Vioo**^  ^^ 
Normal  Width. 
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(  3.80 
3.60 

3.85 
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• 

4.40 
4.50 
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4.00 
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3.45 

3.65 
3.75 

3.40,  3.15 

3.85,  3.45 
3.50 

3.30 
3.45 

3.55 
3.45 
3^40  to  3.10 

2  80 

3!30  to  2.75 

3.80  to  2.85 

3.55  to  3.20 

2.95 

2.80 
2.90 
3.40,  2.75 

3.25  to  2.70 
2.95,  2.80 

2.80 
3.10 

3.00 

3.10 
3.10,  2.95 

2.75 
2.80 

10 

It  is  evident  that,  the  depth  depending  exclusively  on  the  curve  and 
the  width,  the  figures  in  the  foregoing  table  will  decrease  from  top 
downwards  and  from  right  to  left. 

Such  is  generally  the  case. 

Hence  it  may  bo  taken  that  the  depth  increases  as  the  curves  become 
sharper  and  the  width  smaller. 

The  deviations  from  this  rule  are  however  of  such  a  character  that  it 
would  not  be  prudent  to  draw  from  the  figures  above  given  a  mathe- 
matical formula  for  the  relation  between  depth,  width  and  curve. 

Remembering  that  the  proposed  depth  is  3  metres  below  the  normal 
mean  level,  it  may  be  deduced  from  the  figures  in  the  table  above  that, 
the  fixed  normal  width  is  too  great  in  the  straight  stretches  and  in  those 
places  where  the  curve  is  insignificant  or  null. 

When  the  width  of  these  sections  is  90  ^/q  or  less  of  the  fixed  normal 
width,  the  required  depth  is  found  in  the  channel. 

For  this  reason  is  it  that  in  the  straight  stretches  and  near  the  points 
of  change  of  direction  of  the  course  of  the  Geldersche  Yssel,  the  width 
of  the  bed  will  be  reduced  to  90  ^Iq  of  the  normal  width. 
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THE  PANNERDEN  CANAL.  LOWER  RHINE  AND  LECK. 


BY 


J.  G.  ERMERINS, 

Engineer  (2nd  d.)  of  Waterstaat,  Utrecht. 


The  navigable  waterway  formed  by  the  Pannerden  canal,  the  Lower 
Rhine  and  the  river  Leek  is  an  arm  of  the  Upper  Rhine,  springing  from 
it  at  Pannerden  and  joining  the  New  Meuse  near  Krimpen.  Opposite 
Haissen  this  arm  bifurcates  and  of  the  two  streams  one  bears  the  name 
of  the  Lower  Rhine  whilst  the  other  is  termed  the  Yssel. 

The  following  table  shows  the  principal  water  levels : 


g 
1 

1 

i 
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1 

• 

1 

B 

■ 

M 

f 

CD 

9 
9 
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o 

1 

Erimpen. 

Distance    from    the  Frontier  in 

km 

12865 

25905 

49960 

69605 

81495 

• 

92225 

113610 

130640 

Beading  of  normal   Low-water 

(N.  L.   W.)   on  the  Cologne 

base  of  1.50  m 

8.92 

7.68 

5.29 

3.38 

2.22 

1.41 

0.20 

—  0.45 

Low-water  Leyel  of  1874.    .    . 

8.18 

7.02 

4.71 

2.76 

1.62 

0.76 

—  0.21 

—  1.00 

Mean  Leyel  (May  U^  to  Oct.!- 

3l8t  1871     1880) 

10.14 

8.80 

6.29 

4.47 

3.23 

2.34 

H.W.1.24 
L.  W.  0.70 

H.  W.     0.73 
L.  W.      0.40 

High- water  Level  of  1883    .     . 

14.64 

13.06 

10.65 

8.31 

7.19 

6.30 

4.45 

2.18 

The   volume   of  water  discharged  per  second  may  be  estimated  as  fol- 
lows, in  cubic  metres: 


At  1   metre  below  mean  water  level 

At  mean  water  lerel 

1  metre  above  mean  water  level 
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It 
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Pannbrden- 

GANAL. 

Lower  Rhine 

NEAR 

Arnheim. 

330 

200 

620 

410 

950 

660 

1340 

950 

1790 

1300 

The  volume  of  water  discharged  at  the  „Oude  Rijnmond"  was 
479  cub.  m.  with  a  fall  of  1.32  m. 

According  to  the  agreement  of  May  23°^  1867,  the  width  at  the  Sum- 
mer normal  level  is  fixed  at: 

From  Pannerden  to  the  month  of  the  Yssel 170  m. 

Thence  to  WQk  by  Dnuntede 160  « 

Widening  ont  to  the  South  Holland  flrontler  to        ....  170  • 

Thenoe  again  to  Vreesw^k 170  n 

Thence  again  widening  out  to  Krlmpen 200  « 

(Later  fixed  at  225  m.) 

The  winter  width  is  fixed  at  450  m.,  increasing  between  Pannerden  and 
Vreeswijk  to  500  m.,  and  50O  m.  between  Vreeswijk  and  Krimpen ;  at  the 
level  of  2  metres  above  the  normal  and  1.50  m.  above  high  water 
level. 

The  work  undertaken  for  the  purpose  of  giving  to  the  summer  bed 
the  above  named  necessary  width  is  not  yet  quite  completed. 

To  secure  the  desired  depth  of  2  metres  at  normal  low  water  in  a 
channel  of  sufficient  width  for  navigation,  it  has  been  found  that  the 
width  must  be  reduced  in  the  straight  or  nearly  straight  stretches. 

From  Pannerden  to  the  mouth  of  the  Yssel  the  depth  is  almost  suffi- 
cient. From  there  to  Eck  and  Wiel  the  normal  width  will  be  made 
130  m.,  and  forward  to  Vreeswijk  be  gradually  increased  to  163  m.  The 
narrowing  down  will  be  carried  out  only  in  the  straight  or  nearly 
straight  lengths  of  river,  where  in  late  years  there  has  been  an  insuffi- 
cient depth  of  water :  and  also  in  a  few  curves  of  considerable  length 
where  the  depth  has  been  found  deficient,  as  in  the  long  straight 
stretches. 

This  last  named  abnormal  circumstance  has  probably  been  brought 
about  or  contributed  to  by  some  local  peculiarity,  such  as  height  of  bank, 
proximity  of  dike,  nature  of  soil,  general  ground  slope  etc.,  all  of  which 
so   greatly   affect  the  form  of  the  river  channel  that  special  and  unusual 


J 


means  must   often   be   adopted   to   secure   the    necessary   depth    at   the 
least  cost. 

In  the  tidal  stretch  of  river  between  Vreeswijk  and  Krimpen  a  depth 
of  2.50  m.  at  normal  low  water  is  required.  Though  the  fiill  depth  is 
not  yet  secured  it  is  already  much  better  than  above  Vreeswijk. 

In  the  accompanying  table  the  depths,  widths  and  bends  are  shown, 
from  the  mouth  of  the  Yssel  to  the  28  km.  limit.  The  red  line  shows 
the  width  after  the  regulating  work  now  in  progress  has  been  completed. 
When  finished  the  smallest  radius  will  be  230  metres. 

The  greatest  depths  are  generally  found  at,  or  immediately  below,  the 
sharp  bends. 

On  the  whole,  however,  there  is  so  little  uniformity  that  hitherto  it  has 
been  impossible  to  fix  any  very  definite  proportion  between  the  curva- 
ture and  depth  of  water.  This  must  be  left  over  until  the  work  now 
being  done  is  terminated,  when  there  will  probably  be  much  greater  regu- 
larity of  channel. 
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INTRODUCTION. 

The  adininiBtration  of  the  fifth  division  of  rivers  comprises  a  section  of 
the  Upper  Meuse  about  100  km.  in  length.  This  section  extends  from 
Mook  to  Woudrichem  where  the  Meuse  joins  the  Waal. 

As  the  influence  of  the  tide  is  felt  at  Hedel  (24  km.  above  the  mouth), 
it  seemed  preferable  to  limit  this  study  to  the  section  between  Mook  and 
Hedel,  a  distance  of  72800  m. 

In  this  part  of  its  course  the  river  receives  no  tributary  so  that  the 
discharge  is  everywhere  the  same,  except  at  the  time  of  the  highest 
floods  when  two  natural  watercourses  (Beers  and  Heerewaarden)  come 
into  operation.  But  these  cases  are  sufiiciently  rare  and  their  influence 
may  be  regarded  as  secondary. 

The  discharge  corresponding  to  the  average  water-level  of  the  summer 
season  (May  to  October)  during  the  ten  years  1881 — 90  is  180  cub.  m. 
per  second.  The  discharge  corresponding  to  the  probable  water  line  (that 
is  the  line  that  is  passed  as  often  as  not  reached)  is  235  cub.  m.  per 
second.  This  line  is  generally  half  a  metre  above  the  summer  level  already 
mentioned. 

The  natural  banks  of  the  summer  bed  are  rather  steep  and  the  river 
only  begins  to  overflow  when  the  water  line  reaches  an  average  level  of 
3  m.  above  the  summer  level. 


The  discharge  is  then  766  cub.m.  per  second.  The  water-line  often 
remains  for  several  weeks  (sometimes,  but  rarely,  six  weeks  running) 
above  this   comparative   level.   Even   a   level   half  a  metre  above  this  is 
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sometimes  exceeded  during  a  whole  month  (this  level  corresponds  to  a 
discharge  of  965  cub.m.  per  second). 

But  higher  floods  are  rare  and  quickly  subside  and  it  is  only  quite 
exceptional  that  the  level  rises  half  a  metre  higher  and  the  discharge 
amounts  to  1500  cub.m.  per  second. 

The  incline  per  kilometre  at  the  level  of  the  average  summer  waters  is 
very  inconsiderable.  The  average  is  0.0618  m.  and  .varies  from  0.047  m. 
to  0.0753  m. 

This  incline  increases  very  slightly  with  an  increase  in  the  discharge. 
During  the  highest  floods  the  average  incline  per  kilometre  amounts  to 
0.08  m. 

The  consequence  is  that  the  average  velocity  is  not  considerable.  The 
velocity  corresponding  to  the  mean  summer  discharge  (185  cub.  m.) 
hardly  amounts  to  0.50  m.  per  second ;  it  gradually  increases  to  1  m.  per 
second  until  the  summer  bed  is  filled  without  increasing  to  any  con- 
siderable extent  in  time  of  floods. 

The  cross  sections  of  the  summer  bed  between  Mook  and  Hedel 
were  taken  last  year  at  distances  of  100  m.  apart.  Soundings  were  take 
every  5  m. 

With  the  help  of  these  data  it  was  possible  to  obtain  the  longitudinal 
section  A  copy  of  this  drawing  (in  three  sheets)  is  placed  at  the  disposal 
of  the  Congress. 

On  this  longitudinal  section  is  traced  a  horizontal  line  representing 
the  average  water-level  of  the  summer  season  during  the  ten  years 
1881 — 90.  The  comparative  average  depth  of  the  section  is  carried  below 
this  line  as  well  as  the  minimum  depth  of  the  channel  of  navigation  and 
the  maximum  depth  of  the  section. 

The  width  of  the  summer  bed  is  carried  above  this  horizontal  line.  At 
the   foot  of  the   drawing   are  straight  lines  on  either  side,  of  a  horizontal 

axis    at    distances    equal    to  —    of    the    summer    bed.    The     artificial 

banks  are  indicated  by  cross-hatching  along  these  lines. 

§  1.    WIDTH    OF  THE  SUMMER  BED. 

In  places  where  the  dwellers  on  the  river  banks  protect  their  lands 
from  the  effects  of  the  current  by  means  of  groins  of  considerable  length 
(generally  perpendicular  to  the  banks),  the  heads  of  the  groins  deter- 
mine the  width.  It  is  equally  the  case  where  the  State  builds  the  groins 
to  confine  the  summer  bed. 


These  artificial  banks  extend  over  40  km.,  or  more  than  half  the 
distance  between  Mook  and  Hedel.  (The  sections  where  only  one  of  the 
banks  is  artificial  are  included  in  this  total  length.) 

Everywhere  else  the  width  of  the  summer  bed  is  measured  between  the 
natural  banks.  These  banks  are  formed  of  clay  soil  and  have  a  steep 
incline  at  2.50  m.  to  3.50  m.  above  the  mean  summer  water-mark. 

The  width  taken  in  this  way  varies  from  one  section  to  another 
within  very  narrow  limits.  When  all  the  parts  in  which  the  width  only 
varies  between  120  and  140  m.  are  added  together  it  is  found  that  they 
form  more  than  half  (^/9)  of  the  total  length ;  the  parts  in  which  the  width 
varies  between  120  and  100  m.  form  together  Ve  of  the  total  length  and 
the  same  is  the  case  where  the  width  varies  between  140  and  160  m. 

It  follows  that  the  average  width  is  practically  130  m. 

§  2.    CHANNEL  OF  NAVIfiATION. 

It  results  from  the  requirements  of  navigation  that  the  navigable 
channel  must  have  an  almost  uniform  width  of  40  m.  As  the  minimum 
depth  of  the  channel  determines  its  use  it  is  necessary  to  consider  this 
minimum  as  the  depth  proper  of  the  channel. 

The  channel  is  marked  in  such  a  manner  that  it  can  be  used  for 
navigation;  the  result  is  that  in  certain  places  (that  is  to  say  in  the 
shallows)  the  depth  of  the  channel  is  less  than  the  mean  depth  of  the 
summer  bed;  naturally  this  difference  is  not  considerable. 

§  3.    CURVES. 

The  curvature  in  the  summer  bed  is  very  variable;  moreover  the 
curve  is  often  sharper  at  the  apex. 

The  total  number  of  curves  is  45,  curves  with  a  radius  of  3000  m.  or 
more  being  regarded  as  straight  lines.  The  total  length  of  the  curves 
forms  ^/s  of  the  distance. 

By  taking  as  a  unite  of  comparison  the  mean  width  of  the  summer  bed 
(b  =  130  metres),  it  appears  that  a  third  of  the  curves  have  at  their  apex 
a  radius  less  than  56,  a  third  have  at  their  apex  a  radius  of  56  to  105, 
while  the  radius  of  the  remaining  third  is  from  to  10  &  to  206  in  length. 

When  the  curves  are  classified  according  to  their  length  it  is  found 
that  more  than  one  third  (19)  of  the  total  number  have  a  length  less 
than  56,  that  almost  a  third  have  a  length  of  56  to  10^,  while  the 
length  of  the  remaining  third  is  from  10  &  to  20  b. 

(It  is  to  be  remarked  that  the  two  series  have  no  connection). 

§  4.    STRAieHT  PORTIONS. 

Two  thirds  of  the  curves  are  separated  by  straight  portions  more  or  less 
long.  Eleven  curves  (about  ^4  of  the  total  number)    change  their  direc- 


tioQ  without  this  change  being  preceded  by  an  intermediate  rectilinear 
section,  while  in  4  cases  the  curves  are  only  separated  by  less  pronounced 
curves  without  a  change  in  direction. 

In   almost  all   (^/q)  the   straight    portions   the   length   of  the  straight 
line  is  less  than  5  b. 


§  5.    RELATION  BETWEEN  THE  WIDTH  AND  THE  MEAN  DEPTH 

OF  THE  TRANSVERSE  SECTION. 

It  is  important  to  examine  first  the  relation  existing  between  the  width, 
the  mean  depth  and  the  curve. 

In  order  to  determine  this  relation  all  the  transverse  sections  are  ar- 
ranged in  five  categories. 


1st  Categury. 

2nd 

3rd  1. 

4th 

Sth 


Straight  lines  and  carves  with  a  radius  of  more  than  3000  m. 
Curves  of  a  radius  of  2000  m.  to  1600  m. 

ri  y>  y>  n     1600     «        ">     1000      * 

«    1000    ...    700      « 
*         n  4        t>  less  than     700      n 


By  tracing  the  width  on  one  of  the  two  axes  of  a  system  of  coordi- 
nates and  on  the  other  the  average  depth  of  each  cross  section  of  the 
summer  bed,  a  diagram  may  be  traced  for  each  category  representing 
the  relation  between  these  two  values. 

The  diagrams  are  almost  rectilinear,  they  are  evidently  parallel  and  very 
close  together  (1). 

From  this  the  following  rule  may  be  deduced : 

RULE  I.  The  average  depth  of  the  summer  bed  depends  almost  entirely 
upon  the  vMth ;  the  influence  of  the  radius  of  the  curve  may  be 
neglected. 

By  taking  an  average  from  three  diagrams  it  is  found  that 

a  mean  depth  of  3.40  m.  oorrcsponds  to  a  width  of  100  m. 

"  *•  ft     2i89     r  n  n  fi  n     120     « 

"  n  n     2.43     K  '"  1  «  •»     140     T« 

"  1        i«    2.05    fl  1  ^         r*       t   160    »> 

"  «        «i    L70   *  n  ?         «       «i    180    « 


(1)    In    order   to   allow   of   personal  investigation,  the  following  coordinates  have  been 
obtained  from  these  drawings  : 


ABSCISSAS. 

"" 

"              ... 

ORDINATES. 

1st  Category. 

2nd  Category. 

3rd  Category. 

4th  Category. 

6Ui  Category. 

Width   of    100  m. 

2.97  m. 

3.08  m. 

3.21  in. 

-_ 

^     120    - 

2.66   - 

2.70  . 

2.81    ^ 

3.08  m. 

3.22  ni. 

-      140    f 

2.35    - 

2.32   T 

2.41    . 

2.62   - 

2.56  ^ 

«          *<     160    f> 

2.04   1. 

1.94   ^ 

2.01   - 

2.11       K 

2.14  * 

-     180    - 

1.73    - 

1.56    - 

1.61    - 

1.76    . 

__ 

By   multiplying   the   width   b  by  the  correBponding  mean  depth  h  it  is 
found  that  when 


6  = 


100  m. 
120  • 
140  - 
160  ^ 
180  n 


/  =  k  X  A  =  346  sq.  m. 
347  1. 
340  n 
328  « 
306   « 


A  width  of  160  m.  or  more  being  exceptional  it  follows  that  the  follow- 
ing rule  may  be  practically  admitted: 

RULE  II.  The  product  of  the  vjidth  and  mean  depth  of  the  minor  bed 

is  constant. 
This  product  I  is  equal  to  340  sq.  m, 

§  6.  RELATION  BETWEEN  THE  RADIUS  OF  THE  CURVE  AND  THE 

DEPTH  OF  THE  CHANNEL  OF  NAVI8ATI0N. 

According  to  Rule  I  the  mean  depth  of  the  summer  bed  depending  only  on 
the  width,  it  seems  reasonable  to  eliminate  this  element  as  far  as  possible 
in  seeking  to  determine  the  relation  between  the  radius  of  the  curve  and 
the  depth  of  the  channel  of  navigation  by  examining,  instead  of  the  absolute 
depth,  the  difference  between  the  depth  of  the  channel  hn  and  the  mean 
depth  of  the  summer  bed  h. 

For  this  purpose  4  categories  have  been  established.  In  the  first  are 
classed  all  transverse  sections  the  width  of  which  varies  between  100  m. 
and  120  m.,  the  second  contains  the  sections  whose  width  varies  between 
120  and  130  m.,  the  third  those  whose  width  varies  between  130  and 
140  m.,  while  in  the  last  are  classed  all  transverse  sections  whose  width 
varies  between  140  and  160  m. 

By  placing    >    upon  one  of  the  two   axes  of  a  system   of  coordinates 

r 

and   on   the   other   the  difference  between  the  two  depths  {h^ — A),  a  line 

may   be   traced   in  each  category  representing  the  ratio  between  these  two 

values. 

These  diagrams  have  a  very  slight  curvature,  they  are  evidently  parallel 

and  very  near  together  (1). 


(1)  In  order  to  allow  of  personal  investigation  the  following  coordinates  have  been  taken 
from  these  drawings: 


ABSCISSAE. 

ORDINATES. 

hn—h 

hn—h 

hn—h 

hn—h 

1 

r 

r  =  H    M. 

2000      1. 
1000      * 

6  ^  100  to  lao  M. 

0.00  M. 
0.16    n 
0.32    K 
0.66    « 

6  =  120  to  130  M. 

0.06  M. 
0.26    « 
a44   * 

b  =  130  to  140  M. 

0.046  M. 
0.34     • 

6  =  140  to  160  M. 

0.00  M. 
080    « 
0.47    • 
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Prom  this  the  following  rale  may  be  drawn: 

RULE  III.  The  difference  betioeen  the  depth  of  the  chanr^l  and  the 
mean  depth  of  the  summer  bed  depends  almost  entirely  upon  the  rad- 
ius of  the  curve;  the  influence  of  the  width  of  the  summer  bed 
may  be  neglected. 

This  rule  enables  us  to  strike  an  average  of  the  4  catogories ;  it  is  then 
found  that  the  amount  of  the  difference  (An —/i)  is: 

in  the  rectilinear  portions. 0.064  m. 

n.  onrres  with  a  radios  of  9000  m 0.265    » 

•>  -  ,      ,         ,         ,     1000    ,.         .....  0.445     1. 

"  "  «      r        «        II      600    " 0.700    »» 

This  relation  is  represented  sufficiently  exacty  by  the  following  formula 
in  which  the  values  are  expressed  in  metres. 

Law  of  difference. 

,„  _  A  =  006  + 1^  -  (^y  .....  1). 

§  7.    APPLICATION  OF  PRECEOINa  RULES. 

By  multiplying  both  sides  of  equation  (1)  by  b  and  applying  Rule  I, 
according  to  which  h  b  is  constant  and  therefore  equal  \a  H  B  {H  = 
mean  depth  of  summer  bed  and  B  —  width  in  the  definitely  normalised 
rectilinear  portions),  it  is  found  that: 

._ BB^ 

"a._0.06-^        '200  V 


100        /  200  Y 


But  the  width  of  the  river  in  the  curves  should  be  such  that  &n  be- 
comes equal  to  Hn  (Hn  representing  the  depth  of  the  channel  in  the 
normalised  rectilinear  portions);  therefore: 

'=^_o.o6-^  +  (^y 

By  making  r  in  (1)  equal  to  infinity  we  have 

Hn  -  H  =  0.06. 

H  S 

therefore:  &= tqq /9QQ  \2 ^) 

S  — 


LOO     ,    /200  V 


In   the   section  of  the  Mouse  which  forms  the  subject  of  this  study  it 
seems  reasonable  to  make  H  =  3  m. 


The  width  in  the  carves  should  therefore  be  the  following: 


r  = 


4000  m. 
9000    t. 
1000    « 

600    r 


b  = 


iJOQi  It 
1j068  R 
1.137  U 
1.271  B 


This  relation  is  shown  sufficiently  exactly  by  the  following  formula: 
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5=^(1  +  ^) 


3) 


It  was  found  above  (§  6)  that  /  =  340  m.,  from  which  it  follows 
that  the  normal  width  B  in  the  rectilinear  portions  of  the  summer  bed 
should  be  equal  to 

340    _  340 
H  W 


=  113  m. 


Therefore  in  curves  with  a  radius  equal  to  five  times  the  normal  width 
(5  B)  the  width  must  be  increased  by  about  one  quarter  (*/4  B). 

In  the  present  state  of  the  summer  bed  the  radius  of  curves  is  often 
less  than  5  B  (see  §  3),  but  it  is  bett-er  not  to  admit  curves  of  a  smaller 
radius. 

§  8.    LAW  OF  DieRESSION. 

The  distance  from  the  apex  of  the  curve  to  the  point  of  maximum 
depth  in  the  corresi)onding  hollow  (i.  e.  where  hn  has  a  maximum 
value)  is  for  the  part  of  the  Meuse  which  forms  the  subject  of  this  study 
independent  of  the  radius  of  the  curve  at  the  apex.  This  is  contrary  to 
the  observations  of  M.  Fargue  on  the  Garonne.  It  depends  only  on  the 
width  of  the  river  where  the  radius  is  least  and  is  equal  to  double  this 
width  (1).  It  is  perhaps  unnecessary  to  mention  that  the  sections  upon  which 
this  study  is  based  were  only  taken  at  distances  of  a  hundred  metres.) 


(1)  The  following  table  shows  the  average  values  of  the  ratio  (  -r- )  between  the  width 

h  at  the  apex  of  the  curve  and  the  distance  I  from  the  apex  to  the  maximum   depth   of 
the  corresponding  hollow : 


r  =: 
(in  metres) 

3000 

2760 

aooo 

leoG 

1400  1200 

1000 

900 

760 

700 

625 

576 

650 

600 

425 

376 

276 

ft 

0.85 

0.7 

2.2 

1.6 

1.6 

1.3 

2.00 

3.3 

8.1 

IJS 

2.-5 

2.6 

1.6 

1.7 

l^ 

2.8 

2.6 

By  placing  in  a  system  of  coordinates  the  value  of    -    on  one  axis  and  the  value  of 
-T-    on  the  other  a  broken  line  is  obtained  for  which  may  be  substituted  a  straight  line 

0 

\ 
parallel  to  the  axis  of    -  at  a  distance  2  b. 


8 

The  distance  from  the  point  where  the  direction  changes  to  the  corres- 
ponding shallow  (i.  e.  the  point  where  hn  has  a  minimum  value)  is 
subject  to  the  same  law.  Only  this  distance  is  generally  smaller  and 
is  equal  to  1.8  times  the  width  at  the  point  where  the  direction 
changes  (1). 


A  deeper  study   for  which  unfortunately  the  necessary  time  is  wanting 
would  probably  reveal  many  other  facts. 


(1)   The   following   table   shows  the  average  values  of  the  ratio  (  t  )     between     the 

width  of  the  summer  bed  at  the  change  in  direction  and  the  distance  /  from  this  point  to 
the  minimum  depth  of  the  corresponding  shallow.  The  radius  indicated  in  thi*;  table  is 
that  of  the  curve  immediately  below  the  change  in  direction. 


r  ~. 
In  metres 

ftSOO 

2760 

2000 

1750 

1600 

1400 

1100  1  1000 

750 

700 

650  500 

400  375 

276 

b 

0.75 

2.4 

1.3 

2.9 

2.06 

13 

1.86 

1.96 

3.36 

0J» 

1 

1.00  1.76 

1 
2.2  1.4 

1.4 

By   placing  in   a  system  of  coordinates   the  value   of  on     one     axis     and    the 

value  of  r-  upon  the  other  an  irregular  line  is  obtained  for  which   may  be  substituted  a 

i 
straight  line  parallel  to  the  axis  of  —  at  a  distance  of  1.8  b. 


Translated  by  Francis  A.  Oliver. 
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I.  INTRODUCTION. 

In  reply  to  the  sixth  question  we  will  examine  in  the  following  lines 
if  the  observations  gathered  in  the  last  years  concerning  tidal  rivers,  such 
as  the  Dpper  Merwede,  the  Lower  Merwede,  the  New  Merwede,  the  Old 
Maas  and  the  Dordrechtsche  Kit  can  serve  as  a  basis  for  the  deduction 
of  the  relations  existing  between  the  configuration  of  rivers  and  the  depths 
of  their  channels. 

The  four  attached  plates,  I  to  IV,  contain  diagrams  referring  to  the 
above-named  rivers. 

Plate  I  shows  the  Lower  Merwede,  the  Old  Maas  and  the  Dordrechtsche 
Kil  and  the  following  factors  of  importance  of  these  navigable  rivers : 

1^.  The  line  of  the  curves. 

2o.  The  width  of  the  summer  bed. 

3^.  The  position  of  the  channel  in  the  summer  bed. 

4^.  The  greatest  depth  of  the  channel. 

5^.  The  transverse  section  at  half  tide. 

6°.  The  usual  high  water  and  the  usual  low  water  level. 

With  regard  to  the  line  of  curve  it  should  be  observed  that  in  order 
to  correctly  judge  it,  it  must  be  considered  in  relation  to  the  width  of 
the  river. 

In  the  diagram  the  curves  are  indicated  by  the  values -»-,  in  which  b 


is  the  width  of  the  summer  bed  and  R  the  radius  of  the  curve  of  the 
axis  of  the  river. 

In  composing  the  diagrams  of  the  Upper  Merwede  and  of  the  New 
Merwede  a  difl&culty  has  been  met  with  in  the  fact  that  the  bottoms  of 
those  rivers  have  no  stability. 

While  the  factors  mentioned  above  under  1*^,  2 '  and  6°  are  constant, 
the  depths,  the  sections  of  water  and  the  position  of  the  channel  in  the 
summer  bed  vary  periodically. 

In  the  Ijower  Merwede  it  is  only  the  depths  and  the  sections  of  water 
which  vary,  the  chanijel  keeping  a  fixed  place  in  the  bed. 

The  service  of  the  Waterstaat  has  made  soundings  annually  during  the 
last  15  tot  18  years;  the  charts  of  these  soundings  show  clearly  the  chan- 
ges, which  have  taken  place  in  the  bottom. 

The  changes  are,  as  we  have  said  above,  periodical,  and  the  laws,  which 
they  follow  are  represented  in  the  diagrams  of  the  Plates  II  and  III, 
which  have  been  collected  at  intervals  of  two  years  on  the  Upper  Mer- 
wede and  the  New  Merwede. 

The  Old  Maas  and  the  Dordrechtsche  Kil  are  of  regular  depths,  as  the 
current  carries  away  at  every  point  as  much  solid  matter  as  it  brings. 

II.    BRIEF  OBSERVATIONS  ON  THE  ABOVE-NAMED  RIVERS. 

The  following  remarks  may  form  in  some  sense  a  supplement  to  the 
general  report  of  the  programme. 

a.    The  Upper  Merwede. 

{See   Plates  II,   III  and  IV). 

Before  the  most  recent  improvements,  which  were  executed  to  ensure 
a  sufficient  depth  of  water  for  navigation  and  a  continuous  channel  for  the 
discharge  of  ice,  also,  in  view  of  the  suppression  of  the  Upper  Maas,  the 
condition  of  the  Upper  Merwede  was:  length  9  Km.,  width  600  m. 

This  width  is  limited  by  longitudinal  dikes. 

The  curves  and  the  width  do  not  correspond  to  the  system  of  the 
river. 

The  windings  of  the  summer  bed  follow  lines  which  do  not  in  any  way 
correspond  with  the  curves  of  the  river  and  form  divided  streams  along 
the  entire  course. 

While  the  sections  of  the  water-level  are  about  equal  the  depth  varies 
very  much. 

Along  both  banks  there  are  deep  hollows  at  distances  of  2600  to 
3000  m.  from  each  other  (See  PI.  Ill),  of  a  depth  of  8  to  14  and  even 
18  metres,  while  the  depth  between  these  channels  is  only  2  tot  3  metres. 
They  run  in  zig-zag  lines. 
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In  the  middle  of  the  stream  are  shallows,  rising  from  0  tot  1  m. 
above  A.  P.,  (datum  line  of  Amsterdam). 

The  stream  flows  as  follows: 

At  the  end  of  each  hollow  the  current  is  divided ;  a  part  follows  the 
bank,  while  another  part  crosses  the  stream  between  two  shallows  to  the 
opposite  bank  where  it  joins  the  water  flowing  from  a  higher  channel. 

Thus,  the  lower  end  of  each  hollow  is  the  commencing  point  of  a 
division  of  the  water  and  each  upper  end  the  point  of  union  of  two 
streams. 

This  explains  the  stability  of  the  pools,  for  if  the  stream  was  single 
and  regular  they  would  soon  be  filled  up. 

In  fact,  the  water  flowing  along  the  bank  forms  with  the  stream  across 
the  bed  another  current,  which  is  directed  against  the  bank. 

There  exist,  thus,  here  the  same  conditions,  which  cause  and  maintain 
deep  channels  along  concave  banks. 

A  little  distance  lower  down  another  division  is  produced  because  in 
deep  channels  the  water  has  less  fall  than  in  shallow  channels. 

Let  us  suppose  a  regular  flowing  surface,  which  generally,  corresponds 
with  the  water-level,  and  we  shall  find  that,  as  the  relative  flow  is  not 
equally  strong  at  every  point,  certain  parts  of  the  water-level  will  be 
higher  and  others  lower  than  the  supposed  surface.  We  will  indicate  the 
higher  parts  by  U  and  the  lower  with  0.  It  is  clear  that  at  the  upper 
end  of  a  hollow  there  will  always  be  found  a  point  0  and  at  the  lower 
end  a  point  U. 


If  there  were  no  cross  streams,  the  flow  of  water  of  every  channel 
along  the  bank  would  remain  constant. 

The  different  depths  cause  corresponding  variations  in  the  flow  and  a 
section  is  formed,  in  which  the  inequality  in  the  height  of  the  water  on 
the  two  banks  must  become  the  cause  of  a  flow  of  water  from  one  bank 
to  the  other.  Near  such  a  section  we  find  again  two  points  U  and  0. 

The  cross  currents  tend  to  diminish  the  irregularity  of  the  flow  along 
each    bank   and  it  may  l>e  supposed,  that  with  a  certain  form  of  bottom, 


a   certain   corresponding   flow    and    incline   of  water   might   be   obtained. 

Meanwhile,  the  whole  configuration  of  the  bottom  with  channels  and 
shallows  moves  regularly  down  stream. 

At  every  point  U,  where  the  stream  encounters  an  elevation  of  the 
bottom,  there  is  scouring,  and  sand  is  carried  away  by  the  flow  and  depo- 
sited in  the  region  of  the  point  0. 

It  is  evident,  that  the  configuration  of  the  bottom  being  the  result  of 
a  certain  equality  of  power  keeps  the  same  during  its  removal  down- 
stream. 

Plate  III,  the  graphic  represention  of  depths  on  Plate  II  and  of  the 
channels  on  Plate  IV  show  the  regularity  with  which  the  movement 
of  the  bottom  is  followed. 

The  rate  of  the  displacement  is  about  300  metres  per  year ;  and  after 
a  lapse  of  9  to  10  years  each  channel  occupies  the  place  of  the  prece- 
ding one. 

It  is  remarkable,  that  at  places  where  there  is  a  cross  stream  and  a 
least  depth  of  water  the  section  of  the  profile  is  the  greatest. 

The  annual  volume  of  solid  matter  carried  away  yearly  by  the  bottom 
movement  may  be  easily  calculated. 

The  north  channel  between  the  kilometerstones  97 
and  99  has  an  average  yolome  of. 865000  cnb.  m. 

The  sonth  channel  between  the  kilometerstones  95  and 
97  has  an  average  volnme  of 760  000     «     •• 

The    voluxoe    of    the    two   shallows  nearest    to  above 

channel  is  respectively 430000 

and    496000 

together       926  000    •>     - 
Total       2560000  cub.  m. 

All  channels  and  shallows  are  after  a  lapse  of  9  years  again  in  their 
previous  conditions.  Thus,  the  stream  carries  away  in  9  years  2550000 
cub.  metres  or  about  270000  cub.  metres  per  year. 

By  means  of  much  dredging  in  the  last  5  years  the  channel  along  the 
northern  bank  has  been  maintained  over  all  its  length  at  a  width  of  250 
to  300  metres. 

In  the  course  of  this  work  about  2750  000  cub.  metres  have  been  dredged  out. 

By  making  the  width  of  the  river  450  m.  in  its  upper  part  and  500 
meters  in  its  lower  part,  it  is  hoped  that  this  favourable  condition  will 
be  maintained  in  the  future. 

The  last  diagram  on  PI.  II  shows  the  condition  of  the  river  in  1894, 
after  the  part  above  kilometerstone  99  had  been  reduced  in  the  previous 
year  to  this  width. 

b.  The  Lower  Merwede. 
{See  PL  I). 

Length  15  Km. 

Width  200  m. 

The  channel  has  a  fi^ed  position  in  the  bed, 


The  depths  show  variations. 

The  depths  and  the  area  of  cross  sections  given  on  Plate  I  are  the 
averages  of  the  years  1886  to  1893. 

As  on  the  Upper  Merwede  the  maxima  and  the  minima  of  depth 
move  towards  the  lower  part  of  the  stream.  A  continuation  of  the  hollows 
of  the  Upper  Merwede  is  observable;  and  the  distances  between  the 
maxima  and  the  minima  are  regular  and  constant  during  the  dis- 
placement. 

These   distances   are   about   1800   m.,   and   the  displacements  are  such 

that   after   a   lapse   of  6   years   the   same  depths  are  again  found  in  the 

1800 
same  sections.  The  displacement  is   thus    — ^   =  300  m.  per  year. 

The  condition  of  the  stream  is  favourable  and  the  depth  is  maintained 
by  the  action  of  the  current  itself. 

Since  1885  no  dredging  of  importance  has  been  effected  on  the  Lower 
Merwede. 

The  volume  of  the  bed  below  A.  P.  was. 

in 

1885 16  000000  cub.  metres. 

1886 15  000  000  - 

1887 14  600000  - 

1888 15  400000 

1889 16000000  - 

1890 15  500000  n 

1891 14  600  000  ^ 

189Q 16  200000 

1803 16200000  -  ^ 

The  sand  from  upstream  is  regularly  carried  away. 

The  upper  mouth  is  periodically  shallow,  and  always  when  there  is  a 
deep  channel  on  the  right  bank  of  the  lower  course  of  the  Upper 
Merwede. 

The  sand  which  is  carried  away  by  the  displacement  of  these  channels 
(see  Upper  Merwede)  settles  in  the  upper  mouth  of  the  Lower  Merwede. 

This  was  first  remarked  in  1883—84  and  is  at  the  present  time 
1893—94  still  observable,  This  corresponds  with  the  phases  of  bottom 
displacement  in  the  Upper  Merwede. 

c.  The  New  Merwede. 

{See  PL  11^. 

Length  20  Km. 

Width  450  to  700  m. 

The  variations  in  the  part  of  the  river  above  kilometerstone  113  are 
a  continuation  of  those  observed  on  the  Upper  Merwede, 

The  channel  has  no  fixed  position  in  the  bed.  The  cross  streams  are 
regularly  displaced  at  the  rate  of  600  m.  per  year.  After  a  lapse  of  10  to 
12  years  the  river  is  found  again  in  the  same  condition. 


6 

Below  the  kilometerstone  113  the  channel  is  very  constant  both  as 
regards  depth  and  its  position  in  the  bed. 

About  17  000000  cubm.  have  been  dredged  for  the  improvement  of 
the  river. 

d.  The  Old  Maas. 

(See  PI  L) 

Length  29  Km. 

Width  135  to  600  m. 

The  river  has  several  curves  which  are  connected  well  with  one 
another,  and  show  clearly  the  correspondence  between  the  maximum  and 
the  minimum  curves  and  depth. 

e.  Dordrechtsche  Kll. 

{See  PL  J.) 

Length  9  Km. 

Width  150  to  250  m. 

In  the  interest  of  the  maritime  navigation  a  continuous  channel  of  6  m. 
under  low-water  has  been  dredged  as  far  as  Dordrecht.  The  river  is  very 
constant,  and  tends  to  deepen,  notwithstanding  that  the  proportion  of  the 
depth  to  the  width  is  here  much  greater  than  on  the  other  rivers  under 
our  notice. 

The  proportions  between  the  depth  and  the  width  of  the  following 
rivers  are: 

Upper  Merwede 0.6  to    0.7  pCt. 

Lower        v  2.26  to  3.50    r 


Old  Maas    .... 
New  Merwede-Upper  part. 

«  «       -Lower    ^ 

Dordrechtsche  Kil  . 


1.33  to  1.76 
0.5  to    0.7 
0.85 
4.26 


The  great  depth  must  be  ascribed  to  the  strong  ebb,  which  is  caused 
by  high  water  being  maintained  for  some  time  at  the  northern  mouth  of 
the  Kil  by  the  flood  current  of  the  Old  Maas,  while  at  the  same  time 
it  is  ebb  tide  at  the  southern  mouth.  This  increases  and  maintains  the 
flow  of  the  water. 

III.  CONCLUSIONS, 
a.  For  rivers  with  a  constant  bottom. 

The  rivers  we  are  considering  belong  to  those,  which  form  the  delta 
of  the  Waal  and  the  Maas.  With  regard  to  width,  flow  and  tides  they  are  so 
difierent,  that  they  scarcely  form  a  suitable  basis  for  an  examination  and 
comparison  of  the  above-mentioned  factors. 

There  are  too    few    curves  in  accordance  with  the  system  ot  tiio  stream 


to  allow  of  a    graphic    represention  of  the  proportions  to  he  made,  as  was 
done  hy  Mr.  Fargue  on  the  Garonne. 
The  diagrams,  however,  lead  to  some  conclusions. 
1°.  In  general,  the  rules  laid  down  hy  Mr.  Fargue  are  confirmed. 
The   exceptions    are    mostly   due    to    the    want    of  agreement    of    the 
curves   and   widths   with    the   system   of  the    river,  or  to  a  succession  of 
unfavourable  curves. 

The  curves,  which  do  not  correspond  with  the  system  are  graphically 
represented  by  the  want  of  accordance  of  the  lines  1  and  3  (See  PL  I). 

Examples. 
All   the   cross    streams    in  the  Upper  Merwede  in   the   years    1882, 

1884,  and  1886  (See  PI.  II). 
Lower  Merwede  near  the  kilometerstones  111  and  116. 
Dordrechtsche  Kil  near  the  kilometerstone  124. 
2**.  There  is  a  divergence  between  the  points  of  inflexion  of  the  axis  of 
the  river,  and  those  of  the  channel;  the  latter  coincide,  however,  with  those 
of  the  minima  of  depth. 
This  leads  us  to  the  following  considerations: 

At  the  point  where  the  channel  crosses  the  stream,  the  section  has  the 
form  of  a  quadrangle  or  of  a  trapeze,  while  where  the  channel  runs 
along  one  of  the  banks  the  section  is  triangular. 

It  will  be  seen  from  the  diagrams  that  the  areas  of  sections  vary  very 
little,  even  when  the  depths  are  very  unequal. 

It  is  evident  that  when  the  areas  are  nearly  equal,  the  triangular 
sections  show  a  greater  depth  than  the  quadrangular. 

Thus,  the  maxima  and  the  minima  of  depth  are  due  to  the  form  of 
the  section;  this  form  depends  on  the  position  occupied  by  the  current, 
while  the  latter  is  influenced  by  the  horizontal  configuration  of  the 
summerbed. 

3".  Observations  on  these  rivers  do  not  show  that  certain  winding 
curves  are  necessary  to  the  conservation  of  a  regular  depth. 

Examples. 
The  Lower  Merwede  between  the    kilometrestones   105  and  109  (so 
far  as   can    be   seen   the    width    of  the   river   does   not  increase 
downstream),  and  the  Dordrechtsche  kil   between   the    kilometre- 
stones  121  and  123.  These  parts  run  in  nearly  straight  lines  and 
their  depth  is  not  inferior  to  other  parts  of  these  rivers. 
This,   however,   does   not   prove   that  a  certain  winding  does  not  offer 
some  advantage. 
Suitable  curves  afford  the  advantage  that: 
1°.  at  equal  depths  the  width  in  the  curves  may  be  larger, 
2^.  the  channel  occupies  a  fixed  position  in  the  bed. 
As   regards   the   first   case   it   is   advisable   when   regulating  a  river  to 
keep  the  width  as  great  as  possible 
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a)  with   regard   to   the  discharge   of  water  in    times   of  flood,   as   the 
wider  a  river  the  greater  its  increase  in  area  of  section    with    equal 

rise  of  the  water. 

b)  with   regard   to   the   expense   of  improvement   when,   as   is  usually 
the  case,  this  consists  of  a  narrowing  of  the  river. 

When  a  curved  line  of  hank  is  decided  upon,  the  width  at  the  points 
of  inflexion  determines  the  depth  in  the  cross  streams. 

The  determination  of  this  width  by  calculation  should  not  be  impos- 
sible, but  the  calculation  should  be  based  on  the  rate,  at  which  the  river 
is  scoured  out  at  the  bottom. 

This  rate  depends  in  a  great  measure  on  the  nature  of  the  solid  matter, 
which  forms  the  bottom,  and  is  so  uncertain,  that  it  would  as  a  rule 
be  better  to  select  parts  of  the  river,  where  the  depth  is  maintained  by 
action  of  the  current,  and  to  determine,  therefrom,  which  sections  are 
most  suitable  for  the  system  of  the  river. 

Whithin  certain  limits,  a  greater  width  may  then  be  allowed  in  the 
curves. 

The  measure  of  this  increase  must  in  any  case  bear  relation  to  the 
curve,  but  to  ascertain  the  proportion  between  these  factors  will  only  be 
possible  when  more  data  on  the  subject  are  at  our  disposal  than  we 
have  at  present. 

4®.  The  line  followed  by  the  channel  in  the  bed  of  the  rivers  shows 
that  the  channel  has  a  tendency  to  wind. 

The  windings  are  sometimes  remarkably  regular,  and  appear  to  be 
subject  to  a  certain  law. 

The  Upper  Merwede,  where  the  width  was  generally  too  great,  was 
in  this  respect  characteristic. 

In  curved  rivercourses  the  tendency  to  the  formation  of  regular 
winding  lines  can  have  a  greater  influence  on  the  position  of  the  channel, 
than  has  the  curve  of  the  bed  of  the  river. 

Examples. 
Lower  Merwede  between  the  kilometrestones  109 — 118 ; 
Dordrechtsche  Kil  between  the  kilometrestones  121 — 129; 
Old   Maas   between   the    kilometrestones    121—126  and   the  Upper 
and  the  New  Merwede  above  kilometrestone  113. 

This  proves  that  it  is  desirable  that: 

l^'.  the  curves  should  be  in  agreement  with  the  system  of  the 
river,  and 

2°.  the  curves  should  be  connected  in  winding  lines. 

Sharp  curves  should  always  be  avoided.  They  may  cause  the  stream 
to  cross  over  to  the  convex  bank,  from  which  it  returns,  by  which  we 
have  two  cross  streams  instead  of  one. 

Example. 
New  Merwede  between  the  kilometrestones  111  and  112. 
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It  is,  especially  on  tidal  rivers  with  a  strong  flow,,  that  sharp  curves 
can  have  a  very  unfavourable  influence,  as  generally  the  flood  tide 
does  not  follow  the  same  channel  as  the  ebb  tide. 

We  then  have  two  channels  separated  by  a  slanting  shallow  on  the 
bed  of  the  river. 

b.  Rivers  with  periodicaliy  clianging  bottom. 

The  great  regularity  in  the  changes  of  bottom,  .  which,  according  to 
the  diagrams  take  place,  allows  us  to  foresee  the  variatipns,  which  may 
be  expected  in  the  future. 

The  quantity  of  solid  matter  carried  by  the  current  is  so  considerable, 
that  it  is  of  the  greatest  importance  that  it  be  taken  into  account  in  the 
execution  of  improvements.  t 

So,  for  instance,  the  volume  of  all  the  channels  and  shallows  regularly 
carried  downstream  in  the  Upper  Merwede  amounts  to  8  600000  cub.m. 
(See  PI.  III). 

After  a  lapse  of  4^/2  to  5  years  the  channels  are  found  to  be  in  the 
place  where  formerly  the  shallows  were  and  the  shallows  have  taken  the 
former  places  of  the  channels.  The  total  bed  of  the  river  has  then  been 
displaced  about  2500  m. 

The  stream,  therefore,  removes  to  this  distance  in  4V2  to  5  years 
8500000  cub.m.,  that  is  about  1800000  cub.m.  per  year. 

When  a  plan  of  regulation  is  projected,  an  examination  should  be 
made,  as  to  what  alterations  of  the  bed  would  be  most  likely  to  favour 
the  object  of  the  works,  and  as  to  those  which  have  a  reverse  tendency. 

The  execution  of  the  works  should  then  be  arranged  in  such  way,  as 
to  favour  the  first  and  avoid  the  latter. 

For  example,  if  the  projected  improvement  comprises  the  alteration  of 
the  width  by  means  of  dikes,  to  be  constructed  in  the  course  of  years, 
the  executing  of  the  work  should  be  commenced  at  parts,  where  the 
depths  are  from  a  technical  and  financial  point  of  view  most  suitable 
and  where  the  bed  has  a  tendency  to  deepen. 

This  manner  of  working  offers  a  double  advantage: 

1^.  the  execution  of  the  work  is  efiected  in  the  most  economical 
way;  and 

2<».  the  sand  displaced  by  tha  deepening  of  these  parts  is  prevented 
from  being  deposited  in  the  bed. 

And,  then,  the  remaining  channels,  having  no  longer  any  regular 
current  have  a  strong  tendency  to  being  filled  by  the  sand,  which  is  still 
coming  down  from  the  already  confined  upper  part  of  the  river;  con- 
sequently the  mass  to  be  removed  by  dredging  wil  become  less. 

(Translated  by  G.  I.  Rowland). 

ScHUUBMjiN.  —  Van  Hooff.  i* 
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Relation   between  Curves  in  Rivers   and  the  Depth  of 

Water  in  their  Channel. 
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BY 


D.  J.  STEIJN   PABVE, 

Engineer  of  the  Waterstaat,  Botterdam. 


For  the  consideration  of  the  question  here  proposed,  and  to  examine 
whether  the  rivers  of  the  6^^  district  supply  any  data  for  its  solution, 
we  have  graphically  described  in  the  four  accompanying  plates : 
the  New  Meuse  above  Rotterdam,  the  Scheur  and  the  Hook  of  Holland 
Cutting. 

The  curve  of  the  main  stream  at  low  tide,  the  average  of  the  greatest 
and  the  least  depth  of  water  in  the  navigable  channel,  which  is  taken  as 
having  a  regular  width  of  100  m.,  and  the  average  high  and  low  tide 
readings  are  here  given. 

Below  Schiedam  the  river  may  be  considered  as  regulated  throughout 
its  whole  length.  From  Schiedam,  where  the  width  is  400  m.,  the  main 
bed  of  the  river  becomes  450  ra.  below  Vlaardingen,  550  m.  below 
Maassluis,  650  m.  in  the  Hook  of  Holland  Cutting,  and  700  m.  at 
the  end  of  the  jetties  running  into  the  sea. 

Except  opposite  Maassluis,  where  at  a  sharp  bend  it  was  necessary  to 
use  about  eight  groins,  the  regulation  of  the  channel  was  effected  by 
means  of  leading  dams. 

Below  Rotterdam  there  must  be  a  depth  of  water  sufiicient  for 
Atlantic  liners,  hence  the  request  for  a  minimum  depth  of  6.50  in.  at 
low  water,  and  a  minimum  of  100  metres  in  width.  By  correcting 
and   regulating  the  bank  and  by  dredging  the  main  channel  these  mea- 
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surements  have  already  been  secured  in  the  whole  length  of  river  below 
Rotterdam. 

Above  Rotterdam  the  required  depth  is  less.  Here  5  metres  above  low 
water  suffice.  The  work  of  correcting  the  banks  and  dredging  the  chan- 
nel is  not  yet  commenced,  so  that  both  in  depth  as  well  as  in  breadth 
it  is  very  in  irregular. 

With  regard  to  the  general  character  of  the  river,  throughout  its  length 
it  is  a  tidal  river. 

There  is  a  mean  difference  of  1.70  m.  between  high  and  low  water  at 
the  mouth,  and  of  1.25  m.  above  Krimpen  on  the  Leek. 

The  volume  of  water  discharged  by  the  river,  which  receives  about  '/^ 
of  the  total  quantity  brought  into  the  country  by  the  Rhine,  is  about 
400  cubic  metres  per  second  during  mean  summer  flow. 

The  regulated  stream  is  composed  of  arcs  of  a  circle  and  of  straight 
stretches.  For  the  part  of  the  river  not  yet  regulated  the  centre  of  the 
main  channel  has  been  taken,  and  is  treated  as  composed  of  arcs  of  a 
circle  and  of  straight  stretches. 

Between  km.  CXXXIII  and  CXXXVIII  the  points  of  greatest  depth 
are  from  300  to  500  metres  below  the  corresponding  greatest  curve.  These 
latter  are  at  400  metres  below  km.  CXXXIII,  at  600  metres  below  km. 
CXXXIV,  and  at  150  metres  below  km.  CXXXVI,  whilst  the  corres- 
ponding greatest  hollows  are  at  700  metres  below  km.  CXXXIII,  at 
km.,  CXXXV  and  at  500  m.  below  km.  CXXXVII. 

The  distances  between  the  two  maximum  depths  have  been  found  to 
be  about  the  same  in  the  stretch  of  river  from  Rotterdam  to  Schiedam, 
as  well  in  the  length  above  km.  CXLV  as  for  those  below  km. 
CXLVIII. 

In  the  very  curved  portion  of  river  which  sweeps  round  in  front  of 
Rotterdam  no  direct  connection  has  been  found  between  the  maximum 
bend  and  depth.  It  has  nevertheless  been  noticed  that  in  this  curved 
portion  of  the  stream  the  depth  is  very  considerable. 

Between  Schiedam  and  Vlaardingen  no  correlation  between  bend 
and  depth  is  found.  Below  km.  CLI  the  channel  approaches  the  concave 
bank,  and  near  km.  XLII,  where  the  channel  strikes  across  from  the 
left  to  the  right  bank,  the  depth  is  very  considerable. 

Below  Vlaardingen  the  river  is  of  normal  character ;  the  channel  is 
where  one  would  expect  it  to  be  from  the  nature  of  the  banks.  The 
waterway  has  in  fact  been  made  regular  and  uniform  from  Vlaardingen 
to  the  sea,  and  the  face  of  the  banks  protected  with  stone.  This  part  of  the 
river  is  narrowest  between  km.  CLIX  and  CLXI,  and  between  km. 
CI-«XVI  and  CLXX,  stretches  which  are  straight  for  some  considerable 
distance:  viz.  for  1400  metres  between  km.  CLVIII  and  CLX;  for  1500 
metres  between  km.  CLXIV  and  CLXVI ;  also  for  2000  metres  between 
km.  CLXVni  and  CLXX. 
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The  sharpest  curves  are  below  Maassluis  between  km.  CLXI  and 
CLXIII,  and  are  separated  by  a  short  stretch  where  the  change  in 
direction  takes  place.  At  this  point  the  channel  passes  abruptly  from 
the  left  to  the  right  bank,  and  the  resulting  shallow  is  found  about  100 
metres  below  the  turn  in  direction. 

The  greatest  depth  occurs  about  300  metres  above  km.  CLXIII 
whilst  the  concave  curve  of  the  right  bank  followed  by  the  channel 
extends  to  600  metres  above  this  kilometre.  Consequently  the  maximum 
depth  of  this  part  of  the  channel  must  be  sought  at  200  metres  below  the 
change  to  the  left  bank. 

Perhaps  the  deepest  part  of  the  channel,  which  extends  for  about  100 
metres  below  km.  CLXIV,  may  correspond  to  the  maximum  curve 
below  the  change,  although  the  sharp  curve  of  the  right  bank  changes 
600  or  700  metres  above  km.  CLXIV  into  a  much  gentler  one. 

Under  the  influence  of  this  gentle  curve  and  the  straight  bit  of 
channel,  the  depth  diminishes  gradually  and  reaches  its  minimum 
between  km.  CLXIX  and  km.  CLXX.  From  there  it  again  increases 
slowly  and  at  km.  CLXXII  attains  its  greatest  depth.  Below  the  kilo- 
metre named,  the  depth  is  fairly  constant,  and  the  concave  right  bank 
has  a  gradual  and  regular  curve  to  the  sea. 

The  above  considerations  may  be  summarised  thus: 

1.  Alihjough  it  cannot  he  dovhted  that  in  certain  parts  of  the  New  Meuse 
there  does  exist  a  correlation  between  the  curve  of  the  river  bed  and  the  depth 
of  the  channel  both  above  and  below  Rotterdam,  there  are  also  parts  where 
this  correlation  does  not  show  itself, 

2.  In  certain  parts  of  the  river  the  distances  between  the  maximvm  curve 
and  the  corresponding  maximum  depth  of  channel  are  fairly  uniform. 

3.  In  the  regulated  portion  of  the  river  below  Vlaardingen  the  longest 
curves  correspond  to  places  of  minimum  depth. 

4.  The  facts  which  prove  that  there  does  exist  a  correlation  between  the  form 
of  a  river  and  the  depth  of  the  channel  are  on  the  whole  neither  sufficiently 
striking  nor  sufficiently  uniform  to  allow  of  fixed  rules  or  laws  being  deduced 
from  them. 

Rotterdam,  April  1894. 
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Boyen-Rijn. 

Riviere  du  Waal. 

Crue  maxima. 

Cote  des  plus  basses  eaux. 

Eohelle  des  largeurs. 

Largeur  du  lit  moyen. 

Pente  kilom^trique. 

Cote  des  eaux  moyennes. 

Cote  normale  des  eaux-basses. 

Profondeur  du  ohenal 

Profondeur  moyenne. 

Profondeur  maxima. 

Lig^ne  du  z^ro. 

If  umeros  des  bornea  kilometriques. 

Confluent  du  Maas. 

Courbnres  des  rives  normales  du  lit. 

La  largeur  du  lit  moyen  estmesu- 
r^e  entre  les  rives  k  la  cote  des 
eaux  moyennes.  Lk  oh  des  tra- 
yaux  d'art  ont  r^gularis6  la 
largeur  du  lit,  cette  largeur 
n'est  compt^e  que  de  la  t^te  de 
de  r^pi. 

Le  ohenal  est  cens^  d^ayoLr  une 
largeur  constante  de  150  metres 
pour  le  Boyen-Rijn  et  de  100 
metres  pour  le  Waal.  La  pro- 
fondeur port^e  comme  ^profon- 
deur  du  ohenal"  est  la  profondeur 
minima  de  oette  largeur,  la  pro- 
fondeur port^e  oomme  „profon- 
deur  maxima"  est  la  profondeur 
maxima  du  chenal. 

Castkxdijk. 


Ober-Rhein. 
Die  Waal. 
Maximalhoohwasser. 
Niedrigste  Wasserst&nde. 
Maasstab  der  Breiten. 
Breite  des  Mittelwasserbettes. 
Kilometrisohes  Gef&lle. 
Mittelwasserstand. 
Normaler  Niedrigwasserstand. 

Tiefe  der  Fahrrinne. 
Mittlere  Tiefe. 
Maximaltiefe. 
Nulllinie. 
Kilometerzahl. 

Einfluss  der  Maas. 

Krummungen  der  regulirten  Ufer. 

Die  Breite  des  Mittelwasserbettes 
ist  zwisohen  den  Ufern  beimitt- 
lerem  Wasserstande  gemessen. 
Wo  Eunstbauten  die  Strombreite 
regulirt  haben,  ist  die  Breite 
zwisohen  den  Buhnenkopfen  ge- 
messen. 

Die  Breite  der  Fahrrinne  ist  fur 
den  Ober-Rhein  auf  eine  bestan- 
dige  Breite  yon  150  m.  und  filr 
die  Waal  auf  eine  solohe  yon 
100  m.  yeransohlagt. 

Die  als  ^Fahrwasser tiefe"  („Pro- 
fondeur  du  ohenal")  eingetragene 
Tiefe  ist  die  Minimaltiefe  in 
dieser  Breite;  die  als  Maximal- 
tiefe eingetragene  Tiefe  ist  die 
Maximaltiefe   in  der  Fahrrinne. 


Upper  Rine. 

River  Waal. 

Maximum  high  water. 

Comparative   level   of  low   water 

Soale  of  variations  in  width. 

Width  of  mean  bed. 

Incline  per  kilometre. 

Comparative  mean  water-level. 

Comparative  normal  level  of  low 
water. 

Depth  of  the  channel. 

Average  depth. 

Maximum  depth. 

Zero  line. 

Number  of  kilometres.  (Cf.  „mile- 
stones"). 

Confluence  of  the  Meuse. 

Curves  in  the  bedof  normal  rivers. 

The  width  of  the  mean  bed  is 
measured  between  the  banks  at 
the  comparative  mean  water- 
level. 

Where  constructive  works  have 
regelated  the  with  of  the  bed 
this  width  is  counted  from  the 
heads  of  the  groins. 

The  channel  is  supposed  to  have 
a  constant  width  of  150  m.  on 
the  Upper  Rhine  and  100  m. 
on  the  Waal.  The  depth  styled 
,,maximum  depth"  is  the  maxi- 
mum depth  of  the  channel. 


hk  ou  des  profondeurs  plus  oon- 
sid^rables  Be  trouvent  en  dehors 
du  chenal  de  navigation,  ces 
profondeurs  sont  indiqu6es  par 
des  lignes  bris^es. 

Quand    la  rive  droite  est  concave, 

la    oourbure     -    est   portee  au- 

r 

dessus  de  la  ligne  du  Zero; 
quand  la  rive  gauche  est  con- 
cave, cette  oourbure  est  portee 
au-dessous  de  la  ligne. 

Les  hachures  indiquent  sur  quelle 
etendue  les  bords  du  lit  moyen 
sont  regularises  par  des  travaux 
d'art  (6pis).  Travaux  de  defense 


de  la  rive  droite 
gauche 
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Le  Waal  pres  de  St.-Andries. 

D^versoir. 

Fort. 

Ancien  Fort. 

Fours  k  briques. 

Profondeur  de  plus  de  30  d^ci- 
m^tres  k  la  cote  indiqu4e  ci- 
contre. 

Banc  de  sable. 

Les  nombres  indiquent  la  profon- 
deur du  chenal  en  d^cim^tres  k 
la  cote  de  

Nouvelle  digue. 

Eoluse. 

Direction  desir^e  du  chenal. 


Da,  wo  sich  bedeutendere  Tiefen 
ausserhalb  der  Fahrrinne  vor- 
finden,  hat  man  dieselben  in  ge- 
brochenen  Linien  dargestellt. 

Wo   das   rechte   Ufer   concav  ist, 

1 


hat    man 


die     Krfimmung 


r 


oberhalb  der  NulUinie  einge- 
schrieben;  wo  das  linke  Ufer 
concav  ist,  ist  die  Erummung 
unterhalb  der  Nulllinie  einge- 
tragen. 
Die  Schraffirungen  zeigen  an,  auf 
welche  Ausdehnung  das  Mittel- 
wasserbett  durch  Kunstwerke 
(Buhnen)  regulirt  ist.  Siche- 
rungsbauten    am   rechten     Ufer 

linke  n     Ufer 


When  places  of  more  considerable 
depth  are  found  out-side  tlie 
channel  of  navigation,  they  are 
indicated  by  broken  lines. 

When    the    right   bank  is  concave 

the  curve  -  -  is  carried  above  the 
r 

zero  line;  when  the  left  bank  is 

concave    this   curve    is    carri&d 

below  the  line. 
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The  cross-hatching  indicates  over 
what  extent  the  limits  of  the  mean 
bed  are  regulated  by  construc- 
tive works  (groins).  Works  for 
the      protection     of    the     right 
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Die  Waal  bei  St.  Andries. 

Wehr. 

Feste. 

Ehemalige  Feste. 

Ziegelofen. 

Tiefe  von  mehr  als  30  Decimeter 
nach  nebenstehendem  Wasser- 
stande. 

Sandbank. 

Die  Zahlen  zeigen  die  Tiefe  der 
Fahrrinne  in  Decimetern  nach 
dem   Wasserstande   von ....  an. 

Neuer  Damm. 

Schleuse. 

Gewunschte  Richtung  der  Fahr- 
rinne. 


'iiiiiiiimi.  • 

The  Waal  near  St.  Andrles. 

Waste-weir. 

Fort. 

Old  Fort. 

Brick- works 

Depth  of  more  than  30  decimetres 
at  the  comparative  level  indi- 
cated on  the  opposite  page. 

Sandbank. 

The  figures  indicate  the  depth  of 
the  channel  in  decimetres  at  the 
comparative  level  of 

!New  dam. 

Sluice. 

Requisite  direction  of  the  channel. 
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Inscriptioms  les  Flaiiclies.  Descriptlos  of  the  Plates.  Insdnffien  ler  Zeieliniinjies. 


I^nm^ro  dee  homes  kilom^triqueB. 

Eohelle  des  oourbures. 

„  „    largeurs. 

„  profondeurs. 

Pente  kilom^trique. 
Cote  des  eanx  moyennes. 
Gourbure  de  Faze. 
Plan  de  floitaison  normal  lllaoote 
de  1.50  m.  &  r^ohelle  de  Cologne. 


Number  of  kilometres  (Cf.  „Mile- 

stones"). 
Scale  of  curyes. 

r,      „   widths. 

„      „    depths. 
Incline  per  kilometre. 
Average  height  of  water. 
Bend  of  the  oourse. 
Projection    of    normal    waterline, 

1.50  m.  after  the  scale  of  Cologne. 


Profondenr    Youlue,    1.70  m.   au-     Requisite    depth,    1.70    below    the 
dessons    du    plan    de   flottaison        normal  water-line, 
normal. 


L6gende. 

La  largeur  dn  lit  mineur  est  me- 
sur6e  entre  les  berges  k  la  cote 
des  eanx  moyennes. 

Jjk  oh  des  trayanx  d'art  ont  r6ga- 
laris^  la  largeur  du  lit  mineur, 
oette  largeur  n'est  oompt^e  que 
de  la  t^te  des  6pis. 

]ja  profondenr  du  chenal  est  la 
profondeur  minimum  dans  un 
chenal,  large  an  moins  de  15  m., 
d^apr^s  les  sondages  d'aoftt  1893. 

Quand  la  riye  droite  est  concaye, 
la  courbure  (Finyerse  du  rayon 
de  courbure)  de  Paxe  de  la 
riyiire  est  portde  au-dessus  de 
la  ligne  de  z^ro. 
Quand  la  riye  gauche  est  concaye, 
la  courbure  est  port^e  au-des- 
sous  de  la  ligne  de  z^ro. 


References. 

The  width  of  the  summer  bed  is 
mesured  between  the  sloping 
banks  at  the  height  of  the  aver- 
age water  leyel. 

Where  constructive  works  have 
regulated  the  width  of  the  sum- 
mer bed  this  width  is  only  taken 
from  the  heads  of  the  groins. 

The  depth  of  the  channel  is  the 
minimum  depth  in  a  channel, 
at  least  15  m.  wide,  according 
to  the  soundings  of  August,  1893. 

When  the  right  bank  is  concave, 
the  curve  (the  inverse  of  the  ra- 
dius of  the  curve)  of  the  river 
is  carried  above  the  zero  line. 

When  the  left  bank  is  concave,  the 
curve  is  carried  below  the  zero 
line. 


Eilometersteine. 

Maasstab  der  Krummungen. 
„  „     Breiten. 

„  „     Tiefen. 

Gefftlle  f.  d.  Kilometer. 

Mittlerer  Wasserstand. 

ErOmmung  der  Flussachse. 

Gemittelter  niedrigster  Wasser- 
stand bei  1.50  m.  am  Eolner 
Pegel. 

Gewiinschte  Fahrwassertiefe,  1.70 
m.  beim  gemittelten  niedrigsten 
Wasserstande. 

Erlftuterung. 

Die  Flussbreite  ist  gemessen  zwi- 
Bchen  den  Ufern  beim  mittleren 
Wasserstande. 

Wo  die  Flussbreite  durch  Buhnen 
und  dergleichen  eingeschrftnkt 
ist,  ist  sie  von  den  Kopfen  der 
Einbauten  ab  gerechnet. 

Die  Fahrwassertiefe  ist  die  kleinste 
im  August  1893  vorgefundene 
Tiefe  einer  Fahrrinne  von  wenig- 
stens  15  m.  Breite. 

Die  Ertlmmung  (das  Umgekehrte 
des  Kriimmungshalbmessers)  der 
Flussachse  ist,  falls  das  rechte 
Ufer  hohl  ist,  als  positiver,  falls 
das  linke  Ufer  hohl  ist,  als 
negativer  Worth  eingetragen. 
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Inscriptions  souvent 

repetees. 

Words  frequently 

repeated. 

Oft  %oiederholte  Inschrifti 

En  amont. 

Up  stream. 

Stromaufwftrts. 

En  ayal. 

Down  stream. 

Stromabwftrts.                         : 

Cnie. 

Flood. 

Hoohwasser.                            [ 

Pente. 

Incline. 

Qefaile.                                     \ 

V 

Etiage. 

Low  water. 

Niedrigwasser. 

\ 

Cote  des  eanx. 

Comparatiye  height  of  water. 

Wasserstand. 

Contours. 

Outline. 

ErAmmungen.                          ^^.i 

Pr^s  dn  yillage  .... 

Near  the  village  .  .  . 
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Bei  dem  Dorfe  ....            | 
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Inscriptions  les  Planclies.  Descriptloii  of  tke  Plates.  Insclirilten  ier  Zeickoonpn. 


Rhin  Inftrieur. 


Num^ro  des  bornes. 


Cote  des  eaux  moyennes. 


Coarbure  de  I'axe  du  lit  mineur. 


La  largeur  du  lit  mineur  est 
mesur^e  entre  les  berges  k  la 
cote  moyenne  des  eaux.  hk  oh. 
des  trayaux  d'art  ont  r^gularis^ 
la  largeur  du  lit  mineur,  oette 
largeur  nVst  oompt^e  que  de  la 
t^te  de  r^pi. 

Le  chenal  est  cens^  d'ayoir  une 
largeur  oonstante  de  50  m.,  la 
profondeur  port^e  oomme  ^pro- 
fondeur  du  ohenaV  est  la  pro- 
fondeur minima  de  oette  largeur ; 
la  ^profondeur  maxima"  est  la 
profondeur  maxima  du  chenal. 

L&  oil  des  profondeurs  plus  con- 
siderables se  trouyent  en  dehors 
du  chenal  de  nayigation,  ces 
profondeurs  sent  indiqu^es  par 
des  lignes  bris^es 

Quand   la  riye  droite  est  ooncaye 

la  courbure   ( — )    est    port^e 

au-dessuB  de  la  ligne  de  z4ro; 
quand  la  riye  gauche  est  con- 
oaye,  oette  courbure  est  port^e 
au-dessous  de  la  ligne. 

La  ligne  rouge indique 

la  largeur     apr^s    Tach^yement 


Lower  Rhine. 

Number  of  kilometres  (Cf.  ^Mile- 
stones**). 

Ayerage  comparatiye  height  of 
the  water. 

Curve  in  the  summer  bed. 


The  width  of  the  summer  bed  is 
measured  between  the  sloping 
banks  at  the  average  compara- 
tive height  of  the  water.  Where 
constructive  works  have  regu- 
lated the  summer  bed,  this  width 
is  only  counted  from  the  heads 
of  the  groins. 

The  channel  is  considered  to  have 
a  constant  width  of  50  m.;  the 
depth  styled  the  „depth  of  the 
channel"  is  the  minimum  depth 
at  this  width;  the  ^maximum 
depth"  is  the  maximum  depth 
of  the  channel. 

Where  regions  of  greater  depth 
are  met  with  outside  the  channel 
of  navigation,  they  are  indicated 
by  dotted  lines 


Nieder-Rhein. 

Kilometer. 

Mittelwasser. 

KrOmmung  des  Flussbettes  (genau : 
KrJimmung  der  Achse  des  Som- 
merbettes). 

Die  Breite  des  Flussbettes  wird 
gemessen  zwischen  den  Ufern  auf 
der  Hohe  des  Mittelwassers. 

Wo  die  Breite  mit  Buhnen  regu- 
lirt  ist,  wird  dieselbe  gemessen 
zwischen  den  Linien,  welchedie 
Kopfe  der  Bhhnen  verbinden. 

Die  Breite  der  Fahrrinne  ist  zu 
50  m.  angenommen.  „Tiefe  der 
Fahrrinne"  bezeichnet  die  Mini- 
maltiefe  in  dieser  Breite.  ^Maxi- 
maltiefe"  ist  die  grdsste  Tiefe 
in  dieser  Breite. 

Wo  sich  grossere  Tiefen  ausserhalb 
der  Fahrrinne  befinden,  sind  diese 

mit  gebrochenen  Linien 

bezeichnet. 


When  the  right  bank  is  concave    Bei  konkaven  rechten  Ufern  wird 
the  curve  ( — J  is  carried  above        die  Kriimmung  ( —  \  oberhalb 


the  zero  line ;  when  the  left  bank 
is  concave,  this  curve  is  carried 
below  the  line. 


der  Nullinie  ausgesetzt,  bei 
konkaven  linken  Ufern  unterhalb 
der  Nullinie. 


The  red  line indicates    Die  Linie  rothe bezeich- 

the  width   after  the  completion        net  die  Breite  nach  Beendigung 


des  travaux  de  r^galation  en 
ex6oution. 
Les  haohures  indiquent  sur  quelles 
6tendue8  lea  bords  du  litmineur 
Beront  regularises  apr^s  rez^- 
oution  de  ces  trayaux  d'art. 
Travaux  de  defense  de  la  riye 


^^**®  wivvvSS^^^  »  "^®   gauche 


of  the  regulating  works  at  present 
in  course  of  construction. 
The  cross-hatching  indicates  over 
what  extent  the  limits  of  the 
summer  bed  will  be  regulated 
after    the    completion    of  these 


der  angefangenen   Reg^lirungs- 

bauten. 
Die  Schraffirungen  weisen  an,   wo 

das  Flusbett  duroh  Eunstwerke 

regulirt  ist. 
Eunstwerke     am     rechten     Ufer 


Inscriptions  souvent  repetees. 

Echelle. 

Grue. 

Pente. 

Cote  des  eaux. 

En  amont. 

En  aval. 

Riye. 


constructiye   works.    Works 

for 

Eunstwerke      am      linken      Ufer 

the  protection  of  the  right  bi 

ftnk 

Ilk 

WlflHIMfi  ■ 

Words  frequently  repeated. 

Wiederholt  vorkommetide 
s                      Ausdrucke. 

Scale. 

Maasstab. 

Flood. 

Hoohwasser. 

Incline. 

Gef&lle. 

Comparatiye  height  of  water. 

Wasserstand. 

Up  stream. 

Stromauf. 

Down  stream. 

Stromab. 

Bank. 

Ufer. 

M,Sl_ 
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iDscriptions  les  Planclies.  InscMften  ler  Zeicliniiiiiien.  Description  of  tke  Plates. 


PLANCHE  I. 

Beneden-Merwede. 
Oourbe  des  oourbures. 
Largears  du  lit  mineur. 
Position    du    ohenal    dans    le    lit 

mineur. 
Profondeurs    maxima    du    ohenal 

continu. 
Aires    des    seotions    transversales 

au-dessous  mi-mar6e. 
Hautes  et   basses-mers  ordinaires 

Longueur. 

Pour  la  Beneden-Merwede,  on  a 
pris  les  profondeurs  et  les  aires 
des  seotions  moyens  pendant  les 
ann^es  1886—1893. 

PLANCHE  II. 

Nieuwe  Merwede. 

BoTen  y, 

Profondeurs  minima  sur  les  hauts- 

fonds. 
Plan    de    oomparaison     du     z^ro 

d'Amsterdam. 
Partie  du  ohenal  situ^e  le  long  de 

la  riye  gauohe. 
Riye  droite. 
(Pour   les  autres  expressions,  voir 

les  traductions  ,,Planohe  I".) 

PLANCHE  III. 

Cartes  des  profondeurs  de  la  Boven 
Merwede  montrant  des  varia- 
tions du  fond. 

Hauts  fonds  s^^levant  au-dessus 
de  AP. 

Lignes  des  profondeurs  de  2  m. 
au-dessous  de  AP. 

Chenals  de  plus  de  4  m.  de  pro- 
fondeur  au-dessous  de  AP. 


BLATT  I. 

Unter-Merwede. 

Kriimmungslinien. 

Breite  des  Sommerbettes. 

Lage   der   Fahrrinne  im  Sommer- 

bette. 
Maximaltiefen    der    fortlaufenden 

Fahrrinne. 
Fl&cheninhalt     der     Quersohnitte 

unter  halber  Fluthhohe. 
Gewdhnlioher  Stand  you  Ebbe  und 

Fluth. 
L&nge. 
Fiir  die  Unter-Merwede   hat  man 

die      mittleren       Tiefen       und 

Quersohnittsinhalte     der    Jahre 

1886—1893  angenommen. 

BLATT  II. 

Neue  Merwede. 

Ober  „ 

Mindesttiefen     an      den     flaohen 

Stellen. 
Yergleich  mit  0  am  Amsterdamer 

Pegel. 
Langs  dem  linken  TJfer  gelegener 

Theil  der  Fahrrinne. 
Reohtes  Ufer. 
(Die     iibrigen     Ausdrtloke     siehe 

Uebersetzung  zu  Blatt  I.) 

BLATT  III. 

Tiefendarstellungen  der  Ober-Mer- 
wede,  welche  Bodenver&nderun- 
gen  zeigen. 

Untiefen,  welohe  sich  fiber  AP. 
(Amsterdamer  Pegel)  erheben. 

Tiefen  von  2  m.  unter  AP. 

Furohen  von  mehr  als  4  m.  Tiefe 
unter  AP. 


PLATE  I. 

Lower  Merwede. 

Curve. 

Width  of  the  summer  bed. 

Position    of    the    channel  in   the 

summer  bed. 
Maximum  depth  of  the  continuous 

channel. 
Area  of  transverse  sections  below 

half-tide. 
Ordinary  high  and  low  water. 

Length. 

The  depths  and  average  areas  of 
sections  on  the  Lower  Merwede 
have  been  taken  during  the 
years  1886—1893. 

PLATE  n. 

New  Merwede. 

Upper      „ 

Minimum  depths  on  the  shoals. 

Comparative  projection  after  the 
standard  of  Amsterdam. 

Part  of  the  channel  situated  along 
the  left  bank. 

Right  bank. 

(For  other  expressions  see  trans- 
lations under  Plate  I.) 

PLATE  III. 

Chart  of  depths  of  the  Upper 
Merwede  showing  variations  in 
the  bottom. 

Shoals  rising  above  AP.  (The 
standard  of  Amsterdam.) 

Depth  of  2  m.  above  AP. 

Channels  more  than  4  m.  deep 
below  AP. 


8CHUT7KHAN   k    VAN   UOOFF. 


PLANCHE  IV. 

Diagrammea  montrant  les  yolumeB 
et  les  d^plaoements  dee  ohenals 
et  des  hauts-fonds  de  la  Boy  en 
Merwede. 

Les  ohenals  sont  prig  an-dessous 
d'un  plan  a'abaisBant  de  2  m. 
—  AP.  k  la  bouohe  d*amont  k 
dm.  —  AP.  k  la  bonohe  d'ayal ; 
les  hauts-fonda  au-deasua  du 
mdme  plan. 

La  aurfaoe  de  la  oourbe  dea  airea 
dea  aeotiona  repr^aent  le  to- 
lume  dn  ohenal  ou  du  haut- 
fond. 

Le  nombre  inaorit  donne  le  Tolume 
en  lOOQien  de  m^trea-oubea. 

(Poor  lea  antrea  ezpreaaiona,  voir 
lea  traduotiona  ^Planohe  I".) 


BLATT  IV. 


PLATE  IV. 


Blagramme  zur  Daratellung  der  -Diagrama  ahowing  the  Tolumes 
Volmnen  und  der  Vereohiebun-  and  the  moYoment  of  ohannels 
gen  der  Rinnen  nnd  TJntiefen.  andahoala  of  the  Upper  Merwede. 


Die  Binnen  aind  nnter  einem 
Waaseratande  liegend  bereohnet, 
der  von  2  —  AP.  an  der  oberen 
Mtlndnng  anf  dm.  —  AP.  an 
der  nnteren  Htlndung  fKllt;  die 
Untiefen  oberhalb  dieaea  Waa- 
aeratandea  liegend. 

Die  Oberflfiohe  der  Qneraohnitts- 
inhalte  atellt  daa  Volumen  der 
Binne  oder  der  Untiefe  dar. 

Die  eingeachriebenen  Ziffern  be- 
ziehen  aich  auf  daa  Volumen  in 
tauaendatel  Eubikmetem. 

(Die  Qbrigen  Auadrfioke  aiehe 
Ueberaetzung  zu  Blatt  I.) 


The  ohannela  are  taken  below  a 
height  of  from  2  m.  below  AP. 
at  the  upper  mouth  to  8  m. 
below  AP.  at  the  lower  mouth; 
the  ahoala  aboye  the  aame  level 


The  aurfaoe  of  the  ourve  of  the 
areaa  of  the  aeotiona  represent 
the  volume  of  the  ohannel 
or  of  the  ahoal. 

The  number  inaoribed  givea  the 
volume  in  thouaanda  of  cubic 
metrea. 

(For  other  ezpreaaiona  see  trans- 
lationa  under  Plate  I.) 
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Inscriptions  des  Planches.  Inschriften  derZeichnnngen.    Description  of  the  Plates. 


NoHvelle  Meine  et  Vole  d'etu  de  Neue  Haas  und  Wasserweg  von 

Rotterdam  ii  la  ner.  Rotterdam  zum  Meere. 

FEUILLE  I.  BLATT  I. 

Num^ros  dee  homes  kilom^triques.  Eilomeierzahl. 


Eohelle. 

Mar^e  maxima. 

Eohelle  des  largeurs. 

ATal. 

Amont. 

Cote  des  mar^s  hautes  moyennes. 


Maasstah. 

Hdohster  Stand  der  Fluth. 

Maasstah  der  Breiten. 

Stromah. 

Stromauf. 

Mittlerar  hoher  Fluthstand. 


Cote  des  marges  hasses  moyennes.     Mittlerer  niedriger  Fluthstand. 


Largeur  du  lit. 
Profondeur  moyenne. 
Profondeur  da  ohenal. 
Profondeur  maxima. 
Courhure  de  I'axe  du  lit. 

RIyo  droite. 

RiTo  gauohe. 

Ligne  du  z^ro. 

La  largeur  du  lit  est  mesur^e  entre 
les  herges  k  la  hauteur  des 
mar^B  hasses  moyennes.  L&  oik 
des  travaux  d'art  ont  r^gularis^ 
la  largeur  du  lit,  oette  largeur 
n'est  oompt^e  que  de  la  tdte  des 
6pis. 

Le  ohenal  est  cens4  d'aroir  une 
largeur  oonstante  de  100  metres 
La  profondeur  port^e  oomme 
,,profondeur  du  ohenal"  est  la 
profondeur  minima  de  oette 
largeur,  la  profondeur  port^e 
oomme  ^profondeur  maxima"  est 
la  profondeur  maxima  du  ohenal. 


Btkym  Pabtk. 


Breite  des  Stromhettes. 

Hittlere  Tiefe. 

Tiefe  der  Fahrrinne. 

Maximaltiefen. 

KrtLmmung  der  Achse  des  Strom- 
hettes. 

Reohtes  Ufer. 

Linkes  Ufer. 

Nullinie. 

Die  Breite  des  Stromhettes  ist 
zwisohen  den  Ufem  in  derHdhe 
des  mittleren  niedrigen  Fluth- 
standes  gemessen.  Da,  wo  dass 
Bett  duroh  Kunsthauten  regulirt 
ist,  hat  man  die  Breite  zwisohen 
den  Buhnenkdpfen  gemessen. 

Man  hat  ftlr  die  Fahrrinne  eine 
hestftndige  Breite  Yon  100  m. 
angenommen.  Die  als  Fahrrin- 
nentiefe  (^profondeur  du  ohenal") 
eingetragene  Tiefe  ist  die  klein- 
ste  in  dieser  Breite  vorhandene ; 
die  als  Maximal  tiefe  („profon- 
deur  maxima")  eingetragene 
Tiefe  ist  die  Maximaltiefe  der 
Fahrrinne. 


New  Meuee  and  Water-way  from 
Rotterdam  to  the  aea. 

PLATE  I. 

Numher  of  kilometres  (Of.   „Mile- 

stones"). 
Soale. 

High  water  mark. 
Soale  of  width. 
Down  stream. 
Up  stream. 
Comparitiye  height  of  average  high 

water. 
Comparative  height  of  average  low 

water. 
Width  of  the  hed. 
Average  depth. 
Depth  of  the  channel. 
Maximum  depth. 
Curve  of  the  hed. 

Right  bank. 

Left       „ 

Zero  line. 

The  width  of  the  hed  is  measured 
hetween  the  sloping  hanks  at  the 
height  of  average  low  water. 
Where  oonstruotive  works  have 
regulated  the  width  of  the  bed, 
this  width  is  only  counted  from 
the  head  of  the  groins. 

The  channel  is  considered  to  have 
a  constant  width  of  100  m. 
The  depth  styled  the  „depth  of 
the  channel"  is  the  minimum 
depth  at  this  width;  the  depth 
styled  ^maximum  depth"  is  the 
maximum  depth  of  the  channel. 
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Jjk  oh  de8  profondeure  plus  oon- 
sid^rables  so  trouYent  en  dehors 
du  chenal  de  navigation,  oes 
profondeurs  sont  indiqu^es  par 
des  lignes  bris^es 

Quand  la  riye  droite  est  oonoave, 

la  oourbure   (-  ^  )  est  port^e  au- 

dessus  de  la  ligne  du  z4ro; 
quand  la  rive  gauche  est  con* 
oaye,  cette  oourbure  est  portee 
au-dessous  de  la  ligne. 
Les  haohures  indiquent  sur  quelle 
^tendue  les  bords  du  lit  sont 
regularises  par  des  trayaux  d'art 
(^pis).  Trayaux   de   defense   de 


la  riye  droite 


V 


v\ 


riye 


gauohe  'lllilljllll'llll'li ,  defense  plus 

iiimiiiiiiiuiiu 

ou  moins  partielle  VVVVV\v\\\\  , 
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FEUILLE  II,  III,  IV. 

(Voir    les    traductions    sous 
„Feuille  I"). 


Wo  sich  auBserhalb  der  Fahrrinne 
betrftchtlichere  Tiefen  yorfinden, 
hat  man  dieselben  durch   punk- 

tirte  Linien ange- 

geben. 

Wenn  das  rechte  Ufer  conoay  ist, 

hat  man  die  KrQmmung    t — f 

Uber  der  Nullinie  eingetragen; 
wenn  das  linke  Ufer  conoay  ist, 
hat  man  die  Eintragung  unter 
jener  Linie  yorgenommen. 
Die  Sohraffirungen  zeigen  an,  in 
welcher  Ausdehnung  die  Ufer 
durch  Kunstbauten  (Buhnen)  re- 
gulirt    sind.     Kunstbauten     am 

rechten    Ufer 


am 


mehr 


linken  Ufer  /l 


WMii ' 

Oder   weniger   theilweise   Siche- 

rungen  \\VVVV\^\^^^^^ 


/IfllllHIim 


Where  regions  of  greater  depth 
are  met  with  outside  the  chan- 
nel of  navigation,  they  are  indica- 
ted by  dotted  lines 

Where  the  right  bank  is  concaTe 
the  curve  ( — j  is  carried  above 

the  zero  line;  when  the  left 
bank  is  concave  this  curve  ia 
carried  below  the  line. 

The  cross-hatching  indicates  over 
what  extent  the  limits  of  the  bed 
are  regulated  by  the  constructive 
works  (groins).  Works  for  the 
protection   of    the    right    bank 

»».     the     left     bank 
more   or  less  par- 
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Le  chenal  est'  sens^  d'avoir  une 
largeur  coostantc  de  too  metres.  La 
profonJeur  port^  comme  »profondeur 
du  chenal"  rst  la  profondeur  minima 
de  cette  largeur ;  la  profondeur  pontic 
comme  iprofondeur  maxima"  est  la 
profondeur  maxima  du  chenal. 

Li  oil  des  profoitdeurs  plus  consid^ 
rabies  se  trouvent  en  dehors  du  chenal 
de  navigation,  cesprofondeurssont  indi- 
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Le  chenal  est  sens^  d'avoir  une 
^largeur  constante  de  loo  mbtres.  La 
profondeur  port^  comme  »profondeur 
du  chenal''  est  la  profondeur  minima 
de  cette  largeur;  la  profondeur  portee 
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rabies  se  trouvent  en  dehors  du  chenal 
de  navigation,  ces  profondeurs  sont  indi- 
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Nothwithstanding  the  great  works  of  several  mathematians,  hydrodynamics 
have  not  yet  given  a  single  exact  formula  absolutely  adoptable  to  practical 
combinations.  This  arises,  in  our  opinion  from  the  fact  that  the  subject  of  the 
displacement  of  fluids  in  the  midst  of  resistances  has  not  been  sufficiently 
examined  in  an  experimental  way ;  and  that  in  the  principles  of  mathematical 
deductions  there  are  admissions  incompatible  with  reality.  Observations  show 
that  there  is  no  one  point  in  a  fluvial  current  where  the  threads  of  water 
have  a  direction  completely  parallel,  but,  as  the  laws  on  which  the  direction 
of  the  water-threads  depend  are  unknown  and  their  deviation  from  a  parallel 
line  appears  to  be  accidental,  it  has  been  generally  admitted  for  the  deduction 
of  hydrodynamic  formulae  that  all  water-threads  run  in  parallel  directions  to 
one  another. 

Navier,  following  the  hypothesis  of  Newton  that  interior  hydraulic  frictions 
are  the  lineal  sunctions  of  relative  speeds  introduced  into  the  equation  of  the 
movement  of  fluids  a  coefficient  of  interior  friction  resulting  from  the  nature 
of  the  fluid  and  of  its  temperature.  Bussinesk  after  a  few  unimportant  changes 
applied  these  formulae  to  the  straight  movement  of  parallel  threads  and  has 
drawn  *  conclusions  which  agree  nearly  with  the  results  of  real  and  exact 
experiments;  but,  the  agreement  is  limited  to  capillary  tubes,  in  which  it 
must  be  supposed  that  the  threads  run  in  an  almost  parallel  line  to  the 
guiding  walls.  For  tubes  of  final  transverse  sections,  and  especially  for  canals 
and  rivers  Navier's  formulae  gives  a  considerably  greater  speed  than  has 
been  in  reality  observed.  This  phenomenon  is  attributed  to  the  deviation  of 
the  threads  from  their  straight  and  mutually  parallel  direction,  consequent  on 
accidental    irregularities,    such    as   inequalities    in     the    walls,    modification    of 


r 
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pressure  on  the  free  surface  etc.  The  new  resistance  resulting  here  from,  which 
seems  to  be  the  result  of  accidental  causes  cannot  be  defined  theoretically 
with  desirable  exactitude  and  it  diminishes  with  the  reduction  of  the  dimen- 
sions of  the  transverse  section  of  the  bed.  Nothing,  however,  proves  that  this 
vague  resistance  really  arises  from  accidental  causes,  for  it  always  exists,  even 
when  the  walls  are  quite  even  and  the  current  quite  uniform.  It  should  be 
observed  that  all  physical  phenomena,  so  long  as  their  reciprocal  relations 
have  not  been  studied  and  determined,  that  is  to  say,  so  long  as  the  laws 
which  regulate  them  have  not  been  discovered  have  always  appear  to  be 
arbitrary.  For  this  reason,  the  hydrodynamic  problem  in  its  present  state  must 
comprise  observations  of  the  deviations  of  water-threads  from  the  parallel  of 
the  walls  of  the  tubes  on  the  bottom  and  the  banks  of  the  fluvil  bed,  with 
the  view  of  discovering  the  laws  which  govern  these  deviations. 

Based  on  the  admission  that  the  movement  of  the  water  takes  place 
according  to  straight  and  parallel  threads,  there  have  been  deduced  from  the 
formula  of  Navier  other  formulae  on  the  established  and  uniform  movement 
of  the  water  of  rivers.  Modified  and  simplified  by  several  specialists,  these 
formulae  give  for  the  average  speed  of  the  current  certain  algebraical  terms  in 
which  enter  several  fixed  coefficients  dependent  on  the  resistance  of  the 
current.  Such  are  the  formulae  of  Prony,  Dupuis,  Girard,  Hagen,  Weiss- 
bach,  EiLLETi',  Chezy,  Darcy,  Saint-Venan,  Hymphreiss  and  Abbot, 
Gaulkler  etc.  The  inexactitude  of  formulae  arising  from  irregular  admissions 
in  their  foundation  is  rectified  in  their  practical  application  by  the  value  of 
the  coefficients,  which,  therefore,  must  be  determined  with  the  greatest  care. 
The  inexactitude  of  the  formulae  is  manifested  by  the  difference  in  the  coeffi- 
cients in  conditions,  which,  if  not  identical,  are  very  similar.  Thus,  for 
example,  the  coefficient  C  for  the  formula  of  Chesy 
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has  been  defined  by  several  investigators,  and  by  each  one  differently,  and 
the  diversity  of  this  coefficient  is  above  all  strongly  manifested  in  the  calcul- 
ation of  the  dimension  of  the  bed.  Consequently  Ganguile  and  Kutter 
considering  this  coefficient  as  a  variable  quantity,  which  is  modified  according 
to  changes  in  the  elements  of  the  current  which  enter  into  the  formula  of 
Chezy  have  given  for  the  coefficient  C  a  term  in  which,  besides  the  elements 
designated  enters  still  a  new  coefficient  expressing  the  result  of  the  calculation 
of  the  degree  of  inequality  of  the  bed.  This  coefficient  must  be  obtained  by 
means  of  repeated  measurements  of  the  speed  of  the  current  and  of  the  slopes 
at  different  places.  Such  modification  of  the  formula,  although  not  adding  to 
its  exactitude  allows  of  its  more  approximate  adoptation,  to  practical  objects, 
and  it  is  for  this  reason  that  it  is  considered  to  be  as  the  present  day  the 
best  mode  for  the  solution  ot  questions  regarding  works  for  the  regulation  of 
rivers. 

Helmholtz    working   at   the   investigation  of  the  science  of  the  movements 


of  fluide,  that  is  of  the  supposed  movement  independent  of  the  force  of 
gravity,  of  friction  and  other  resistances,  and  considering  the  possible  modific- 
ation of  the  elements  of  fluid  to  be  infinitely  small  has  found  that  these 
modifications  may  result  from  a  change  of  form  in  the  elements,  equally  as 
from  their  relative  rotation. 

Helmholtz  has  further  stated  the  following  conclusions: 

The  commonest  and  infinitely  small  motion  of  fluid  particles  consists  in  a 
continually  advancing  movement,  rotation  and  extension. 

The  properties  of  the  movement  are  as  follows : 

I®.  A  fluid  particle  that  does  not  always  rotate  never  rotates. 

2^.  If  a  line  be  drawn  through  a  fluid  particle  every  where  parallel  to  its 
axis  of  rotation,  this  line  remains  always  and  in  all  places  parallel  to  the  axis 
of  rotation.  Every  such  line  continually  consists  of  the  same  particles.  These 
lines  are  the  lines  of  motion.  The  lines  which  pass  through  a  surface  element 
form  a  thread  of  motion. 

3^.  The  product  of  the  speed  of  motion  and  the  section  of  a  thread  of 
motion  is  constant. 

4®.  Threads  of  motion  can  only  return  into  themselves  or  end  on  the 
surface. 

$ince  ELelmholtz,  other  mathematicians  have  studied  these  threads  of 
motion,  but  no  clear  explanation  of  the  motion  of  the  water  has  yet  been 
arrived  at.  The  hypothesis  of  Helmholtz  has  many  partisans,  but  it  is  only 
the  possibility  of  moving  lines  and  threads  in  moving  fluids  which  can  be 
admitted,  their  real  presence  in  flowing  water  is,  however,  not  proved.  The 
rotation  of  the  unfinitely  small  elements  of  fluid  cannot  be  observed,  and 
observations  by  means  of  floats,  of  which  we  will  speak  later  on  do  not 
manifest  any  rapid  rotary  motion.  The  rotation  of  the  floats  is  very  slow  and 
is  caused  by  the  inequality  of  speed  in  the  threads  of  water  working  on  each 
side  of  the  float.  It  is  to  be  remarked  that  the  line  followed  by  a  floating 
body  never  crosses  itself,  that  is,  it  never  takes  the  form  of  a  knot,  so  that 
completely  closed  circular  movements  can  only  occur  in  places  where  the 
surface  of  the  water  is  not  under  the  influence  of  the  current,  as,  for  example, 
in  small  bays,  behind  bridge  piles  or  in  what  are  called  dead  corners  at 
junctions  with  confluent  rivers  etc.  The  rotary  motion  of  the  water  in  the 
vortex  is  not  analogous  to  the  supposed  movement  of  the  fluid  in  the  lines 
and  threads  of  Helmholtz,  for  in  the  first  case  the  axis  of  rotation  is  found 
outside  the  moving  body  (axis  of  cylinder)  and  in  the  second  it  coincides 
with  the  tangent  of  the  line  of  direction,  which,  thus  represents  a  curve  enve- 
loping the  axes  of  rotation.  The  movement  of  the  veins  should  rather  be 
called  spiral,  for  this  last  definition  would  admit  of  resemblance  to  the  move- 
ment of  aerial  vortices,  which  in  the  same  way  as  water-whirls  move  round  a 
vertical  axis. 

BussiNCSK  recognising  the  existance  of  a  rotary  motion  of  the  molecules  in 
a  current  of  water,  considered  their  speed  to  be  subjected  to  great  irregularities; 


for  facility  of  calculation  he  introduces  a  new  admission  of  the  existence  of 
average  local  speeds,  nearly  constant  at  all  points  of  the  mass  of  water, 
allowing  at  the  same  time  that  the  water  threads  are  almost  parallel  to  each 
other.  Like  Nayier,  he  introduces  into  the  formula  a  coefficient  of  friction, 
which  is  not  constant  for  the  total  mass  of  moving  water,  but  changes  with 
the  alterations  of  the  coordinates  and  is  besides  dependent  on  the  size  of  the 
radius  under  water,  of  the  form  of  the  section,  of  the  velocity  of  the  current 
and  of  the  value  of  the  coefficient  of  interior  friction.  Thus  Bussinksk  con- 
siders the  actual  movement  to  be  unequal  and  gradually  changing.  Ad  his 
admissions  with  regard  to  average  velocities  and,  especialUy,  as  regards  paral- 
lelism of  threads  are  not  in  accordance  with  reality,  and  those  referring  to 
the  variable  value  of  the  coefficient  of  friction  are  conjectural  and  arbitrary, 
we  find  that  notwithstanding  the  importance  of  his  works,  which  throw  light 
on  several  phenomena  concerning  the  longitudinal  section  of  rivers,  many 
things  still  remains  unexplained  and  we  have  no  exact  formulae  of  the  move- 
ment of  water  adopted  to  a  practical  and  precise  application  in  the  same  way 
as  the  formulae  existing  for  the  movement  of  solid  bodies. 

For  researches  concerning  the  displacement  of  fluvial  alluvion  it  would  be 
very  useful  to  have  exact  mathematical  terms  for  the  pression  of  a  moving 
liquid  body  on  solid  bodies;  but  unfortunately  the  empirical  formulae  in  use 
are  not  only  inexact,  but  their  correctness  even  is  very  doubtful. 

According  to  the  general  opinion  of  those  who  have  studied  the  subject 
the  question  of  the  mutual  pression  of  liquid  and  solid  moving  bodies  is  the 
part  of  hydrodynamics,  which  has  received  the  least  attention. 

The  cause  of  this  is  principally  the  admission  of  the  parallelism  of  threads. 
The  influence  of  this  on  the  inexactitude  of  deductions  is  very  strong,  for  not 
only  is  there  no  parallelism  in  threads  of  moving  in  quietly  flowing  currents, 
bnt  shocks  against  solid  bodies  produce  new  movements  of  confusion,,  accom- 
panied by  the  formation  of  currents  in  all  possible  directions  and  which  have 
not  been  explored. 

Absolutely  exact  as  are  the  formulae  relative  to  the  movement  of  solid 
bodies,  little  certain  is  up  to  the  present  known  of  the  correctness  of  formulae 
relative  to  the  shock  of  liquid  bodies.  Let  us  examine,  for  instance,  the  most 
brief  deduction  of  the  most  exact  formula,  representing  the  shock  of  a  single 
thread  of  water  against  a  smooth  surface  which  is  perpendicular  to  it.  Desig- 
nating the  acceleration  of  the  moving  point  by  /,  the  time  by  /,  the  space 
by  s,  the  speed  acquired  during  the  time  /  by  if  the  mass  of  the  body  by  w, 
the  density  A,  the  volume  Q,  the  power  of  the  shock  Py  the  gravity  of  the 
weight  of  the  body  by  G,  the  acceleration  of  the  gravity  by  g  and  considering 
that  P  =  m  '  /,  and  G  =  m  *  g,  we  shall  hav^  successively: 

therefore:  /  =  — . 
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further  p  -  s  =  — 
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m     '   s  =  m 
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s  ^=  m  '    — 
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the  second  part  of  the  equation  we  name  conditionally  active  power  which  is  equal  to 
the  force  required  to  communicate  to  the  mass  m  the  speed  v,lt^  =  i,  we  obtain 

s   =  — 

2    ) 

therefore  P  ■=  m  -   v  =  —  =  A    -  0  -  —  (i) 

i  g  ^ 

In  adapting  these  absolutely  exact  dynamic  formulae  to  the  power  of  the 
shock  of  a  single  thread  of  water,  it  must  be  calculated  that  the  volume  Q 
equais  the  efflux  of  which  is  expressed,  as  is  known  by  the  area  of  the  trans- 
verse section  of  the  thread  of  water  multiplied  by  the  average  speed  of  water. 
That  is  to  say   T  \  v;  we  obtain : 

Z'  =  2  A  r  —  =  2  A  r  •    >%,  (2) 

in  which  A  is  the  height  of  a  colomn  of  water  corresponding  to  the  speed  ?;. 
A  similar  application  of  the  formula  (i),  which  has  reference  to  the  shock  of 
a  solid  body  to  a  liquid  mass  is  irregular,  because  the  efflux  of  water  can  be 
equal  to  the  average  speed,  multiplied  by  the  area  of  the  transverse  section 
of  the  thread  of  water,  only  in  cases  where  the  threads  are  in  the  same  line 
as  the  smooth  surface;  this  is  however  not  possible,  as  the  water  threads  are 
not  parallel  to  each  other.  However,  experiments  which  have  been  made  for 
the  verification  of  the  above  named  formula  by  M.  Bidon  have  given  results 
which  approximate  confirm  its  exactitude.  This  is  to  be  attributed  to  the  cir- 
cumstance that  the  quantity  of  water  directed  in  the  tube  can  be  immediately 
measured,  instead  of  being  calculated  by  the  multiplication  of  the  area  of  the 
active  section  by  the  speed  of  the  water.  (Plate  I  design  I).  Nevertheless,  the 
quantity  of  the  pression  on  the  surface  depends  much  on  the  dimensions  of 
tha  surface  and  above  all  on  its  distance  from  the  orifice  of  escape  of  the 
water  from  the  tube,  so  that  BrDou  when  he  placed  the  surface  near  the  orifice 
of  the  tube  obtained  the  result  /*  =  1,5  A  •  T  -  h^  and  according  to 
Dubois  and  Langsdorff  P  =  only  A  •    T  -   h. 

The  force  of  the  shock,  in  reality,  is  generally  less  than  is  calculated  from 
the  formula  and  this  results  from  the  fact  that  by  the  shock  of  the  liquid  mass 
a  considerable  part  of  the  energy  belonging  to  it  is  lost  by  the  shock  of  the 
separate  threads  against  one  another.  With  the  shock  of  a  liquid  mass  against 
a  solid  the  latter  only  receives  directly  the  pression  of  the  particles  of  liquid, 
infinitely   thin,  which  come   in  immediate   contact   with   it,   while   the   entire 


mass  of  the  liquid  particles  transmits  a  shock  from  one  to  the  other  of  the 
particles,  in  consequence  of  which  the  direction  of  their  movement  deviates 
strongly  from  the  direct  line  of  the  solid  surface  and  there  can  be  no  question 
of  the  parallelism  of  the  threads.  The  greater  the  speed  of  the  water,  that  is 
to  say  the  greater  its  pression  in  the  tube,  the  more  must  be,  with  exact 
experiments,  the  nearness  of  the  coefficient  in  formula  (2)  to  the  given  figure  2. 
In  the  experiments  of  Bidon  the  speeds  were  very  considerable,  not  less 
than  8  metres  per  second;  with  small  speeds  it  must  be  supposed  that  the 
coefficient  of  the  formula  (2)  may  be  considerably  less  than  the  unit,  even  as 
much  as  less  than  the  half  of  the  result  of  the  calculation.  So  that  the  for- 
mula of  the  shock  of  a  single  thread  of  water,  looked  upon  as  the  most  exact 
of  formulae  concerning  the  shocks  of  liquid  bodies  really  does  not  possess 
the  desired  exactitude ;  and  the  incompatability  of  the  results  of  experiments 
with  these  calculations  proves  the  inexactitude  of  the  admissions  made  in  the 
transformation  of  the  formula  (i).  Also,  it  should  be  observed,  that  the  pres- 
sion on  the  surface  at  the  time  of  the  commencement  of  the  efflux  of  the 
thread  is  more  considerable  than  it  is  during  the  course  of  its  flow.  However 
for  a  mathematical  expression  of  the  shock  of  an  imlimited  mass  of  water 
we  have  no  other  means  to  apply  than  the  formula  (2)  which  is  composed 
for  the  shock  of  a  single  tread  of  water.  Therefore  for  this  part  Of  hydrau- 
lics we  use  the  following  phrase  :  //  is  very  probable  that  we  may  admit  that 
the  laws  governing,  the  shock  of  an  unlimited  mass  of  water  are  the  same 
as  those  relating  to  that  of  a  single  thread  Of  water.  According  to  this  sup- 
position or  admission  the  pression  of  a  shock  of  water  on  a  solid  body  on 
the  side  Of  its  affluent  equals 

in  which  K^^  is  the  numerical  coefficient  defined  by  experiments  and  depen- 
dant only  on  the  form  of  the  body.  Besides  should  be  taken  into  conside- 
ration the  relaxed  pression  or  the  want  of  pression  (according  to  Dubois, 
non-pression).  This  can  be  expressed  in  the  same  way  as  the  pression  On  the 
side  of  the  affluent  by  the  formula 

v^ 

The  hydrostatic  pressiOn  being  equal  on  each  side  of  the  body  in  opposite 
directions  may  be  left  out  of  account. 

Therefore,  the  result  of  the  pression  of  moving  water  on  a  solid  body  may 
be  expressed  as  follows : 

v^  v^  v^ 

a:  .  A-  T —  _  A^2 .  A  •  T—  =  A".  A  •  :r—  (3) 

All  the  coefficients  K^  ,  K^  and  K  are  to  be  defined  by  means  of  experi- 
ments and  will  be  certainly  very   different    under   various    conditions   and    to 


different  observers.  If  for  a  single  straight  thread  of  water  we  may  admit ; 
with  a  certain  degree  of  approximation,  the  efflux  of  water  to  be  equal  to 
the  product  of  the  area  of  section  and  the  speed,  such  supposition  can  not 
be  admitted  for  the  movement  of  an  unlimited  mass  of  water,  for  it  is  im- 
possible to  suppose  that  the  entire  quantity  produces  a  shock  against  a  solid 
body  through  one  cylinder  which  is  separated  from  it  and  which  has  for 
basis  the  transverse  section  of  the  body  attacked.  Even  with  parallelism  of 
threads  the  beds  of  moving  water  surrounding  the  cylinder  participate  in  the 
shock  in  consequence  of  their  connection  and  in  consequence  of  the  adhesion 
of  the  water  to  the  eliminated  cylinder.  But  as  the  threads  of  water  have 
convergent  and  divergent  directions,  and  as  it  is  not  possible  to  separate  from 
the  mass  of  water,  the  threads  working  at  every  moment  on  a  solid  body, 
the  iormule  (3)  may  give  results  which  may  diverge  as  much  from  the  real 
quantities  as  the  volume  of  the  cylinder  may  differ  from  the  volumes  of  one 
or  several  truncated  cones.  The  convergence  of  the  threads  of  water  does  not 
conduce  to  condensation  of  the  water,  nor  to  the  accleration  of  the  speed  of 
the  current,  which,  on  the  contrary  is  lessened  by  the  shock  of  the  threads 
one  against  the  other,  and  only  causes  an  increase  of  pression  on  the  solid 
bodies  encountered  on  the  way  of  the  moving  water.  As  proved  by  repeated 
observations  the  threads  of  water  form  curved  Imes  which  are  still  more 
curved  when  they  turn  around  a  solid  body.  When  we  say  that  a  thread  of 
water  shocks  against  a  solid  body  we  do  not  mean  that  all  the  mass  of  the 
thread  of  water  enters  into  contact  with  a  solid  body,  but  that  on  it  is  direc- 
ted the  action  of  the  thread  of  water  which  is  transmitted  by  the  intermediary 
beds  of  water.  An  indefinite  quantity  of  threads  may  work  upon  a  body  from 
different  sides  at  any  moment;  they  meet  in  their  movement  some  resistance 
from  the  solid  body ;  this  resistance  being  communicated  to  them  by  these 
intermediate  beds  of  water,  they  deviate  from  their  direction  and  prolong  this 
movement  around  the  solid  body  with  decreasing  speed. 

As  the  laws  which  govern  the  direction  of  particles  of  water  are  unknown 
to  us,  we  cannot  follow  the  threads  which  in  the  mass  of  water,  press  on  the 
solid  body  in  the  bed  of  the  river.  But  in  order  to  throw  some  light  on  pos- 
sibile  cases  of  transmission  of  pression,  let  us  supjiose  that  their  laws  are 
known  and  we  will  represent  them  by  lines  as  shown  on  Plate  I  fig.  2.  Then, 
suppose  a  solid  body  of  small  dimensions,  for  example  a  stone  in  the  bed  of 
the  river  submitted  to  the  hydraulic  or,  to  the  active  pression  of  the  body  of 
water  moving  towards  it.  In  order  to  determine  the  strength  of  this  pression, 
we  must  seek  out  in  the  lines  the  points  in  which  at  a  given  moment  are 
found  the  moving  particles  of  water ;  and  in  these  points  draw  tangents  to 
the  lines,  which  tangents  show  the  direction  of  the  pressure  at  the  given 
moment.  Ix)oking  at  all  these  tangents,  which  cut  the  solid  body  we  see  a 
mass  of  straight  lines  convergent  or  divergent,  which  form  one  or  several 
truncated  cones,  lying  with  their  upper  or  lower  end  against  the  solid  body. 
In  the  first  case  the  body  will  be  submitted  to  the  hydraulic   pression    of  the 
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convergent  threads  and  of  the  greatest  number  of  the  particles  of  water,  in 
the  second  to  the  pression  of  the  divergent  threads  and  of  the  smallest  number 
of  particles  of  water.  Supposing  these  particles  of  water  to  be  mutually  equal 
in  their  mass,  which  we  take  as  unit,  if  we  define  the  average  speed  by  v 
and  the  number  of  particles  by  m^  we  And  for  the  active  power  or  the  mecha- 
nical work  the  mathematical  term 


m 


v^ 


and  for  the  force  of  the  shock  {P) 

P  =:   m  V, 

in  which  the  quantity  ///  v  represents  what  is  called  the  quantity  of  movement. 
It  is  evident  fi-om  what  we  have  just  said,  that  the  figure  ///,  or  the  moving 
mass  of  water  on  a  solid  body  is  a  variable  quantity  and  must  not  be  elimi- 
nated fi-om  the  formula  by  substituting  for  it  the  product  of  the  density  of 
the  water  with  a  determined  volume.  It  is,  also,  evident  that  with  the  same 
speed  at  the  bottom,  but  with  alteration  of  the  mass  of  water  producing  the 
pression.  the  alluvions  may  be  submitted  to  a  hydraulic  pression  different  to 
the  flowing  water  according  to  the  disposition  of  the  threads. 

Observations  on  water-threads  show  that  in  deep  waters,  ordinarily  disposed 
in  the  concave  parts  of  the  bed,  all  the  water-threads  move  the  floats  towards 
the  concave  banks,  fi-om  which  it  is  evident  that  the  hydraulic  pression  moving 
the  floats  is  always  directed  towards  these  concave  banks,  while  the  particles 
of  water  follow  lines  which  never  have  a  point  of  intersection  with  the  bank. 
So  that  the  conception  of  the  convergence  and  divergence  of  the  threads  of 
water  and  of  hydraulic  pressions  must  not  be  identified  with  the  idea  of  the 
compression  of  the  molecules  of  water,  by  the  reunion  of  the  threads  of 
water. 

Directing  themselves  by  curved  lines  and  moving  between  themselves  the 
threads  produce  impulsions  in  two  directions;  firstly  the  tangent  lines,  which 
we  have  examined  above  and,  secondly,  in  the  normal  lines,  so  that  impulsions 
in  the  directions  of  the  latter  may  induce  rotary  movements  of  molecules  of 
water    contributing    to    the  accumulation  of  alluvion.  By  the  transformation  of 

the  active  force  I  _  I  in  two  directions  its  quantity  must  gradually  be  con- 
sumed and  proportionately  more  as  the  angle  of  the  convergence  of  the  water- 
threads  is  larger.  The  reduction  of  the  active  force  of  each  separate  molecule 
of  water  in  the  mass  admitted  as  unit  must  be  expressed  by  tl^e  reduction  of 
the  speed  of  the  current  on  all  the  bed. 

In  fact,  as  the  curves  of  the  bed  are  stronger  the  more  remarkable  is  the 
depth  produced  by  a  great  pression  of  water  on  the  bottom,  caused  by  the 
convergence  of  the  water-threads  towards  the  concave  banks.  The  importance 
of  the   increase    of  the   mass   of  the  converging  water- threads  is  seen  iu  the 
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following  of  the  fluvial  bottom  along  the  concave  banks,  which  occurs  with 
the  slackening  of  the  current  and  causes  the  formation  of  a  dead-water  in  the 
longitudinal  section  of  the  river. 

The  cause  of  the  reduction  of  speed  and  the  increase  of  dead-water,  is,  as 
has  just  been  said,  the  consumption  of  a  considerable  part  of  the  quantity  of 
active  power  for  the  shocks  of  the  threads  one  against  the  other  in  the  normal 
directions  of  the  molecules  of  water.  On  the  contrary,  in  the  deep  parts  where 
the  water-threads  have  divergent  directions,  opposite  phenomena  are  manifested 
and  the  displacement  of  alluvion  in  spite  of  the  enormous  speed  of  the  current 
is  effected  slowly.  If  we  were  to  imagine  in  the  direction  of  the  tangents, 
molecules  of  water  as,  for  instance,  thin  threads  of  water  moving  against  a 
solid  body,  all  the  quantity  of  the  mechanical  force  would  at  a  given  moment 
be  employed  in  the  shock,  of  which  the  volume  would  perhaps  be  sufficient 
not  only  to  move  the  solid  body  forward,  but  even  to  crush  it ;  and  the  mole- 
cules or  the  mass  of  moving  water  towards  upstream  would  be  unlimited. 
But  in  reality  the  shock  of  the  moving  water  is  transmitted  in  a  different 
way. 

1°  Each  molecule  approaching  the  solid  body  parts  with,  in  the  shock,  only 
a  part  of  its  active  power  and  diverging  sideways  keeps  by  far  the  greatest 
part  of  this  power  for  its  further  flow. 

2°  Repeated  observations  have  shown  that  the  resistance  of  the  solid  body 
to  the  free  movement  of  the  water  flowing  towards  it  does  not  extend  to  all 
the  mass  of  water  flowing  upstream,  but  that  the  deviations  of  the  molecules 
commences  at  a  certain  dis  ance  from  it,  so  that  neither  theoretical  calculations, 
nor  actual  observations  enable  us  to  determine  this  distance. 

It  is  probable  that  it  depends  on  the  velocity  of  the  current,  on  the  pro- 
portion of  the  area  of  the  greatest  transverse  section  of  the  solid  body  to  the 
area  of  the  transverse  section  of  the  bed,  on  the  shape  of  the  body  and  on 
the  disposition  of  the  water-threads. 

Examination  of  the  pression  exerted  by  flowing  water  on  a  solid  immovable 
body  immerged  in  it  has  shown  that  there  being  no  data  by  which  the  mass 
of  water  transmitting  the  shock  to  the  solid  body  and  submitting  to  deviation 
from  the  resistance  offiered  to  its  free  movement  by  the  body  could   be  deter- 

mined,    it    has    not    yet    been  found  possible  to  give  to  the  expressions  m  — 

and  w  »,  a  propre  form  for  practical  calculation.  These  formulae,  however,  are 
correct  in  their  simple,  form  and  very  suitable  for  general  decisions,  relative 
to  transport  of  alluvion  by  flowing  water.  As  we  have  already  said,  the  part 
of  the   flowing  water  working  on  a  solid  body,  does  not  expend  in  the  shock 

all    the    quantity  of  its  active  power^  as  for  its  complete  use  m  —   would   be 

equal  to  O,  and  this  is  only  possible  if  z/  =  O,  that  is  to  say  when  the  mass 
of  water   is  completely  at   rest.    In    reality  it  continues  to  flow  with  a  some- 
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f.2 


what    relaxed   speed    v^    preserving    a    working    power   of  m  -^    so    that   the 

2 

quantity  of  power  expended  in  the  shock  is 


m 


4-^'tC'^-^'O-  •  •  ^'^ 


and  the  power  of  the  shock  =  m  (v  —  z/j). 

The  greater  the  power  used  the  stronger  is  the  shock  and  thus  greater  the 
possibility  of  removing  the  solid  body  from  its  place. 

As  the  practical  problem  of  the  improvement  of  rivers  consists  above  all  in 
the  deepening  of  the  bed  we  must  next  examine  by  what  means  an  increase 
in  the  value  of  the  terms 

—  {^^  —  v^)  and  m  {v  —  v^  may  be  obtained. 

Examining  these  terms  we  see  that  the  Avork  of  deepening  and  the  force 
of  the  shock  increase  in  proportion  to  the  inerease  m  of  the  mass  of  molecules 
of  water  directing  their  pression  on  the  projections  in  the  bed,  in  proportion 
to  .the  increase  v  of  the  speed  of  the  flow  of  these  molecules  and  in  propor- 
tion to  the  decrease  z/,  of  the  speed  of  these  same  molecules  when  they  are 
sent  back  by  the  resistance  of  the  projections  in  the  bed. 

For  the  increase  m  it  is  necessary  to  direct  to  the  suitable  depth  the  largest 
possible  quantity  of  water-threads  so  as  to  concentrate  their  shock  at  this  place. 
In  practice  this  is  obtained  by  shutting  of  the  lateral  arms,  as  well  as  the 
crossing  threads  which  break  themselves  on  the  bottom,  by  means  of  regula- 
tion works  which  form  a  guide  for  the  direction  of  the  lines  of  water. 

The  value  v  is  the  average  speed,  not  of  all  the  transverse  section,  but  only 
of  that  part  of  it,  with  which  the  hydraulic  pression  of  the  water  extends  to 
the  river  bed.  If  the  quantity  v  increases  and  decreases  with  the  average  speed 
of  all  the  section,  it  must  be  admitted  that  the  decrease  of  the  section  must 
serve  to  augment  the  quantity  v  and  consequently  to  augment  the  deepening 
power  in  the  bed.  With  this  object  the  nan-owing  of  the  bed  is  effected  by 
works  of  regulation,  it  must  however  be  remarked  that  the  reduction  of  the 
width  of  the  bed  does  not  always  give  the  desired  reduction  to  the  area  of 
the  section,  for  the  latter  is  often  found  in  a  manner  non-normal  to  its  projected 
line  but  follows  its  curves  in  lines  which  are  oblique,  so  that  the  water-threads 
take  also  a  direction  not  only  non-parallel  to  the  projected  banks,  but  some- 
times are  nearly  straight;  so  that  the  width  of  the  transverse  section  passing 
by  the  ridges  of  sandbanks  may  in  these  cases  appear  comparatively  narrower 
than  its  primitive  widths.  Consequently  projects  of  the  configuration  of  a  river 
compiled  according  to  ordinary  systems  and  the  works  of  regulation  executing 
according  to  these  projects  do  not  afford  the  desired  depth  of  bed.  For  this 
reason  it  is  necessary  to  take  measures  for  the  desired  disposition  of  the  water- 
threads  and  with  this  object  to  form  regulation  works  to  direct  the  water- 
threads  so  that  they  give  the  desired  configuration,    Besides,  as  is  known,   the 
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narrowing  of  the  section  has  still  the  defect  of  causing  with  the  deepening 
of  the  bed,  the  lowering  of  the  level  of  the  water  and  the  displacement  oi 
considerable  inclines  of  water  towards  neighbouring  parts  of  the  river,  thus 
again  causing  new  hindrances  to  navigation.  It  is  true,  that  this  could  be 
remedied  by  submerged  banks,  which  maintain  the  strong  slopes  in  the  regu- 
lated sections;  such  constructions  are,  however,  very  dear  and  they  may  become 
temporary  hindrances  to  navigation  if  the  amount  of  water  diminishes  or  the 
draught  of  the  vessels  increases. 

The  quantity  Vi  that  is  the  average  speed  of  the  molecules  of  water  which 
diverge  in  their  movement  under  the  influence  of  the  resistance  of  the  projec- 
tions in  the  bed,  against  which  they  rush,  enter  in  the  mathematical  expres- 
sion for  the  power  expended  for  the  deepening  of  the  bed  with  a  negative 
sign  and  for  this  reason  in  increasing  the  depth  attention  should  be  paid  to 
all  possible  reduction  of  the  quantity  z/,. 

To  examine  this  question  let  us  suppose  that  a  single  thread  of  water  is 
directed  in  a  tube  against  a  solid  body  firmly  fixed  at  its  end.  If  the  solid 
body  is  not  displaced  by  the  force  of  the  shock  of  the  thread,  the  water  in 
the   tube    will    be   brought    to    a    stillstand,    t/,   becomes  =  o,  and  the  entire 

quantity  of  the  mechanical  power  pi  —  will  be  expended  in  the  shock  of  which 

the  force  will  be  equal  to  m  v.  If  the  water-thread  is  not  confined  in  a  tube 
but  flows  fireely,  the  water  surrounding  easily  the  sides  and  the  upper  part 
of  the  solid  body,  will  keep  after  the  shock  a  considerable  part  of  its  speed 
and  the  shock  be  incomparably  weaker. 

When  the  water-thread  working  on  the  solid  body  is  surrounded  by  other 
threads  nearly  parallel  among  themselves  or  even  divergent  its  action  on  the 
solid  body  will  be  greater  than  that  of  an  isolated  thread,  for  its  flow  around 
the  solid  body  will  be  somewhat  hindered  by  the  resistance  of  the  neigh- 
bouring threads.  If  the  direction  of  the  neighbouring  threads,  even  when  they 
do  not  direct  their  shock  against  a  solid  body,  becomes  convergent,  it  will 
be  still  more  difllicult  for  the  attacking  water-thread  to  turn  at  the  side  oi 
the  body  and  it  will  then  flow  over  it.  This  way  will  be  difficult  when  there 
are  other  water-lines  in  a  position  above  the  attacking  line,  for  the  latter 
will  have  to  lift  them  up.  In  the  same  degree  as  the  difficulties  in  encircling 
the  solid  body  increase  the  speed  of  the  water-thread  t',  diminishes  and  the 
shock  increases.  The  more  water-lines  there  are  above  the  solid  body,  or 
with  other  words  the  greater  the  depth  of  water,  the  more  difiicfjlt  it  becomes 
for  the  attacking  line  to  lift  up  this  mass  of  water,  until  at  lastjfat  a  certain 
depth  it  is  no  longer  capable  of  this  action,  in  which  case  e^  reaches  its 
minimum  and  the  force  of  the  shock  its  maximum. 

It  should  be  remarked  tliat  v^  in  the  river  bed  never  equals  o,  for  the 
attacking  water-thread  may  flow  around  the  body  increasing  the  speed  of  the 
current  of  the  neighbouring  threads  without  lifting  them  up  to  any  extent. 
It   is   evident   from   what  has  been  said  above  that  the  increase  of  depth  and 
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the  convergence  of  water-threads  contribute  to  the  increase  of  the  action  of 
the  water  in  the  river  bed,  but  it  must  not  be  concluded  that  an  artificially 
created  channel  in  the  river  bed  could  be  preserved  and  increased  by  the 
action  of  the  current;  as  for  this  to  be  effected  would  be  required,  not  only 
the  depth  of  water  but,  also,  the  disposition  of  the  convergent  threads  of 
water  directed  on  the  projections  in  the  bed.  And  without  this  last  condition 
there  would  be  scarcely  any  current  in  the  channel,  which*  would  be  obstructed 
by  particles  of  solid  matter  moving  above  and  plunging  into  it  on  account 
of  their  weight. 

The  considerable  influence  of  the  depth  on  the  formation  of  the  river  bed 
is  confirmed  by  observations  on  cuttings.  When  a  cutting  is  formed  at  a 
small  depth,  for  instance,  0.4  to  0.6  meters  below  the  level  of  the  water,  the 
deepening  of  the  bottom  takes  place  very  slowly  and  this  in  spite  of  the 
enormous  incline  existing  at  times  of  low-water  and  in  spite  of  the  consi- 
derable speed  of  the  current;  but  at  high  water  when  the  fall  is  less  the 
operation  of  deepening  becomes  so  strong  that,  as  I  have  repeatedly  had 
occassion  to  observe  on  the  Dnieper  and  on  the  Pripet,  the  section  of  the 
cutting  becomes  in  a  very  short  time  sufficiently  large  for  navigation. 

These  results  will  show  that  the  deepening  power  increases,  not  with  the 
speed  of  the  current,  but  in  accordance  with  the  augmentation  of  the  mass  of 
water  working  on  the  deepening,  and  especially  at  an  increased  depth,  the 
water  by  its  gravity  does  not  allow  its  lower  beds  to  pass  over  the  inequa- 
lities in  the  bottom,  but  carries  them  away  in  descending  the  stream. 

Generally,  the  more  that  the  circuit  of  water  around  a  solid  body  is 
hindered,  7\  is  less  and  the  force  of  the  shock  and  the  power  expended  by 
the  water  for  the  shock  is  greater.  We  know,  for  example,  that  small  streams 
flowing  in  narrow  beds  with  banks  but  little  excavated  often  carry  away 
enormous  stones.  In  the  same  way  rainwater  in  the  gutters  of  the  streets 
carries  with  it  bricks  and  stones  with  a  speed  not  much  less  than  that  of  a 
river  current;  but  in  wide  river  beds  even  small  grains  of  sand  remain.  The 
difference  of  the  quantity  of  the  power  expended  in  the  displacement  of  the 
solid  bodies  in  these  two  cases,  does  not  depend  so  much  on  the  speeds  o^ 
the  current  v,  as  on  the  quantity  of  the  lost  speed  z/ —  r,,  that  is  to  say  oi. 
the  quantity  Vi,  and  the  latter  again  depends  upon  the  great  difference  in  the 
proportions  of  the  transverse  sections  of  the  objects  carried  to  the  sections  of 
the  beds,  or  to  the  quantity  of  the  narrowing  of  the  section  of  the  current  by 
the  transverse  section  of  the  body  moved.  If  the  bed  be  large  and  the  size 
of  the    solid   body    small,   then    Vi    differs  very  littie  from  v  and  the  quantity 

is  nearly  =0.  If  the  current  be  narrow  and  the  transverse  section  of  the 
object  which  obstructs  the  fi^ee  movement  of  the  water,  larger,  a  considerable 
delay  in  the  movement  will  be  caused,  that  is,  Vi  may  become  much  less 
than   Py   and   a  part  of  the  mechanical  power  of  the  water  which  is  expended 
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on  the  shock  may  attain  a  quantity  sufficient  to  displace  even  heavy  obstacles. 
With  regard  to  a  closer  examination  of  means  for  the  diminution  of  the 
quantity  7\  let  us  suppose  a  flowing  water  in  a  gutter  barred  at  its  end  by  a 
solid  screen.  After  the  shock  of  the  water  against  the  screen  ,7',  will  be  =  O  and  the 
shock  complete,  that  all  the  active  power  of  the  water  will  be  expended.  If, 
however,  at  the  side  of  the  screen  a  lateral  piece  of  the  gutter  be  removed  the 
power  of  the  shock  against  the  screen  will  not  be  complete  and  will  be  in 
proportion  as  much  less  as  the  lateral  opening  is  large.  See  plate  I  fig.  3. 

If  the  screen  be  removed  the  water  flowing  direct  exercises  the  least  pos- 
sible hydraulic  pression  on  the  walls  of  the  tube.  Exactly  similar  observations 
have  been  made  in  fluvial  beds.  Lines  of  water  flowing  against  ihe  concave 
bank  and  the  part  of  the  fluvial  bed,  which  is  contiguous  to  it  being  turned 
back  lose  a  great  part  of  the  speed  employed  for  the  shock,  and  for  the 
deepening  of  the  bed  at  the  side  of  the  banks.  On  the  contrary,  in  a  straight 
bed  the  loss  of.  speed  in  the  stream  is  comparatively  insigniflcant ;  z^^  is  almost 
=  If,  and  the  power  of  excavation  consequently  very  small. 

Therefore  to  obtain  the  quantity  of  the  —  (v^  —  Vi^)  by   the   diminution   Vi 

the  straight  parts  of  the  projected  configuration  must  be  avoided  and  the 
windings  of  the  curves  enlarged  as  much  as  possible,  that  is  their  radius 
diminished.  However  this  last  measure  has  up  to  the  present  time  not  been 
practically  applied,  for  the  object  of  the  regulation  of  rivers  does  not  consist 
in  the  general  deepening  of  the  bed  but,  only  the  excavation  of  the  bottom 
at  places  where  the  depth  of  water  is  insufficient,  which  places  are  generally 
found  not  in  the  concave  elbows  but  at  the  points  of  inflexion  of  the  bed.  In 
any  case  the  application  of  such  a  measure  should  be  restricted  within  certain 
limits,  depending;  i)  on  the  disadvantage  of  sharp  curves  for  navigation 
especially  for  steam  tug  navigation;  2)  the  underwashing  of  the  banks;  3)  the 
washing  away  of  the  submerged  banks  by  the  water  at  high  tides  which  seek 
to  follow  a  more  direct  line. 

Thus  in  projecting  the  trace  of  the  banks  we  must  principally  follow  the 
configuration  of  natural  concave  banks,  except  in  cases  where  their  windings 
are  feeble  and  irregularly  developed. 

At  the  points  of  inflexion  of  the  bed  great  divergency  is  generally  found  in 
the  directions  of  the  water  threads ;  and  this  affords  them  comparative  faci- 
lity in  passing  round  obstacles. 

The  loss  of  speed  is,  therefore  not  great,  Vy  differs  very  little  from  v  and 
the  transport  of  alluvion  is  weak, 

To  augment  the  value  of  z',  we  must  unite  the  separate  threads  and  give 
them  a  convergent  direction  towards  the  projected  line  of  the  channel,  so 
that  for  the  deepening  of  extensive  beds  the  narrowing  of  the  bed  is  not 
sufficient,  but  it  is  necessary  to  give  the  bed  a  configuration,  which  will 
cause  the  water  threads  to  take  always  a  convergent  direction. 

Consequently  we  And  it  possible  to  increase  the    excavating   power    of  die 
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river  bed,  not  only  by  increasing  »,  that  is  the  average  speed  of  the    current, 
but  also,  by  increasing  the  value  of  m  and  diminishing  that  of  i\. 

To  increase  if  is  not  sufficient  to  narrow  the  section ;  it  is  necessary  that 
the  water-threads  have  corresponding  directions,  and  this  is  required,  also  for 
the  production  Of  the  desired  influence  on  the  quantities  m  and  i\. 

It  is  likewise  acknowledged  that  the  regulation  of  the  bed  may  be  effected, 
not  by  narrowing  it,  but  chiefly  by  guiding  the  water-threads  in  a  suitable 
direction,  by  which  it  is  evident  that  a  narrowing  of  the    section    will    occur. 

In  examining  the  question  of  the  action  of  the  force  of  the  current  on  the 
deepening  of  the  bed,  we  have  considered  the  inert  power  of  the  water  as 
an  independant  cause,  while  the  active  power  is  supplied  by  the  force  of 
gravity  of  the  water  in  its  movement.  We  have,  therefore,  now  to  consider 
to  what  extent  we  are  able  to  dispose  usefally  of  this  force  of  gravity. 

If  Q  be  the  efflux  of  water,  A  the  density  and  H  the  slope,  we  obtain 
as  term  for  the  force  of  gravitation  the  product  of  A  '  Q  '  H* 

The  yearly  efflux  of  water  cannot  be  regulated,  for  this  depends  on  meteo- 
rological and  climatic  conditions;  it  is,  however,  known,  that  the  cultivation 
of  forests  conduces  to  the  increase  of  moisture  falling  in  the  atmosphere. 

But,  for  the  maintainance  of  a  navigation  depth,  it  is  not  the  general 
quantity  of  moisture  falling  into  the  basin  of  the  river  which  is  of  importance, 
but  much  rather  a  suitable  and  regular  supply  of  water.  This  is  attained  by 
forest  cultivation  near  to  the  basin  of  the  river  and  by  construction  of  reser- 
voirs. The  general  slope  of  a  river  or  of  a  more  or  less  great  part  of  it 
cannot  be  altered;  still,  care  should  be  taken  that  it  be  divided  on  the 
length  of  the  river  as  far  as  possible  in  such  a  way  as  to  obtain  uniformity 
of  the  longitudinal  section. 

Formulae  concerning  the  uniform  movement  of  water  teach  us  the  necessity 
of  regulating  the  slopes  so  as  to  obtain  uniformity  of  longitudinal  section  of 
the  bed  of  the  river.  But  in  the  solution  of  practical  questions  of  regulation 
of  rivers  a  complete  levelling  of  the  bed  is  not  necessary ;  the  possibility  of 
such  levelling  as  well  as  of  uniformity  of  the  current  is  very  doubt 
full,  as  the  condition  of  the  stream  in  the  curves  is  very  different  to  that  in 
the  inflexions.  This  disparaty  is  especially  shown  in  the  disposition  of  the 
water-threads,  and  if  we  could  succeed  in  obtaining  in  the  inflexions  a  con- 
vergence of  threads  such  as  are  shown  in  the  windings  of  the  bed  the  ques- 
tion of  levelling  would  be  considerably  nearer  to  an  ideal  solution. 

The  above  examination  of  the  application  of  dynamic  forms  to  river 
currents  shows  the  anomaly  of  the  admission  of  parallelism  of  threads  of 
water. 

The  very  great  difference  of  movement  and  of  shock  of  solid,  elastic  and 
liquid  bodies  arrises  from  the  fact  that  in  the  firsl  the  mutual  position  of  the 
molecules  and  of  the  distances  between  them  does  not  vary  either  during  the 
movement  or  during  the  shock. 

The  direction  of  all  the  molecules  is   parallel    or   concentric,    while   in    the 
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movement  of  liquid  bodies,  in  consequence  of  the  resistance  of  the  surface, 
on  which  they  move  and  the  surroundings  in  which  the  movement  is  eflFected, 
there  is  in  the  interior  of  the  liquid  body  a  continual  translation  of  molecules, 
giving  rise  to  interior  independent  currents,  and  this  consumes  a  considerable 
quantity  of  the  stock  of  mechanical  power  acquired  by  the  working  of  the 
force  of  gravity.  This  loss  of  active  force  is  especially  great  in  the  shock  of 
liquid  bodies  against  solid  bodies,  since  it  consumes  itself  in  the  distribution 
and  the  shock  of  the  threads.  In  order  to  place  hydrodynamics  in  the  rank 
of  the  exact  sciences,  abstract  mathematical  operations,  such  as  those  made 
by  Navier,  Helmholtz  and  their  disciples,  Bussineck  and  many  others  are 
not  sufficient. 

It  must  be  acknowledged  that  hydrodynamics  is,  just  as  physics,  an  expe- 
rimental science  and  the  bases  of  its  conclusions  must  not  be  arbitrary  admis- 
sions, but  data  acquired  by  generalisation  and  direct  experiments.  As  the 
movement  of  liquid  bodies  in  the  midst  of  resistance  are  the  result  of  laws, 
which  govern  the  movements  of  solid  bodies,  we  consider  it  a  principal 
duty  of  those  who  make  a  study  of  the  practical  application  of  hydrodynamics, 
to  examine  the  combinations  of  the  movement  of  water,  resulting  from  the 
configuration  of  the  river  bed  and  influencing  its  reformation,  and  especially 
to  pay  attention  to  the  particularities  of  the  movements  of  the  water,  by  which 
liquids  diflfer  from  solid  bodies,  that  is,  the  interior  translation  of  molecules 
in  bodies  during  their  displacement.  The  researches  made  under  our  direc- 
tion on  the  Dnieper  near  Kief  have  shown  the  possibility  of  examining  the 
direction  of  water  threads  relative  to  the  surface  of  the  water  the  particu- 
larities then  discovered  concerning  the  direction  of  water-threads  connected 
wirh  observations  on  the  configuration  of  the  relief  of  the  river  bed  have 
contributed  to  the  explanation  of  the  established  law  of  the  disposition  of 
isolated  and  independant  currents  appearing  in  every  watercourse. 

In  order  to  solve  the  question  as  to  the  possibility  of  closing  the  lateral 
bridge  openings  in  the  dike  of  the  Dnieper  on  the  causeway  between  Kief 
and  TchemigofF  and  for  the  security  of  concentration  of  all  the  waters  of 
high  tides  in  one  principal  bed  at  the  right  side  of  the  town,  so  as  to  con- 
duct them  into  the  opening  of  the  suspension  bridge,  we  have  made,  in 
addition  to  repeated  measurements  of  the  quantities  of  water,  by  means  of 
floats,  definitions  of  the  dispositions  and  the  measurements  of  the  speeds  of 
the  water-threads  on  the  surface  of  the  water. 

The  floats  are  made  round,  of  dry  pine  boards  0,06  m.  in  thickness,  0,25  in 
diameter  (see  fig.  i,  Plate  II).  They  are  painted  all  round  in  a  white  oil-colour, 
the  upper  disk  is  divided  in  4  sectors,  varnished  in  different  colours,  so  that 
the  direction  of  its  rotation  may  be  observed  from  a  boat  at  a  certain  distance 
and  the  number  of  revolutions  counted. 

An  iron  rod  is  passed  through  the  float,  having  at  its  lower  end  an  iron 
screw  on  which  is  fixed  es  many  iron  plates  as  are  sufficient  to  siuk  the  float 
nearly  entirely  in  the  water.  At  its  upper  end  is  placed  a  glass  ball  of  bright  coloiu-. 
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Before  commencing  the  compilation  of  a  plan  6f  the  disposition  of  the 
threads  of  water  on  the  section  under  examination,  transverse  sections  are 
drawn  up  at  a  distance  of  50  to  44  meters  from  each  other  according  to  the 
import^ce  of  the  section  for  the  projected  works,  and  according  to  the 
variability  of  the  character  of  the  bed.  These  profiles  are  indicated  on  the 
banks  at  each  side  of  the  bed  by  double  stakes,  as  are  shown  on  the  plate. 
Then  a  plan  of  the  sheet  of  water  is  made  on  a  scale  of  25  or  50  m.  to 
0,01  m.  The  entire  section  is  divided  into  several  parts,  in  such  way  that  one 
plan  does  not  show  more  than  600  to  700  m.  on  each  side,  that  is  to  say, 
upstream  and  downstream,  since  at  a  greater  distance  with  a  Kipregel  glass, 
the  glass  balls  of  the  floats  cannot  be  distinctly  seen. 

In  accordance  with  rough  notes  on  the  duration,  of  the  courses  of  the 
floats  on  the  sections,  plans  have  been  made  in  two  forms. 

On  the  plans  a  are  shown  the  directions  of  movements  of  floats  and  the 
profiles  of  their  speeds;  on  the  plans  ^  are  shown,  also,  the  directions  of  the 
floats  and  their  position  at  a  certain  lapse  of  time,  after  their  passing  the  first 
profile  simultaneously,  theje  were  fixed  on  their  lines  of  route,  according  to 
their  speed,  the  points  at  which  they  were  at  a  lapse  of  2,  4  or  5  minutes 
after  passing  the  first  profiles;  uniting  these  points  we  have  the  profiles  of  the 
position  of  the  floats  at  the  end  of  these  given  intervals.  From  these  points 
in  the  direction  of  movement  of  the  floats,  the  distances  were  traced  which 
they  had  travelled  in  the  same  interval  according  to  the  time.  The  union  of 
the  points  found,  defined  the  second  profile  and  so  on. 

In  examining  the  positions  of  the  lines  of  direction  of  the  floats,  it  is  im- 
]K)ssible  to  overlook  one  particular  characteristic,  at  the  first  view  appearing  a 
strange  one;  namely,  that  all  the  floats  move  from  the  convex  banks  to  the 
channel  and  to  the  concave  banks,  and  then  their  lines  of  direction  cross. 

And,  as  the  points  of  these  crossings  have  a  certain  fixedness,  the  fact 
cannot  be  attributed  to  accidental  causes,  such  as  currents  of  wind,  movement 
caused  by  passing  steamers,  etc.;  the  more  so,  as  these  observations  were 
made  in  calm  weather,  and  passing  steamers  were  warned  by  means  of  a 
speaking-trumpet  to  keep  at  a  certain  distance  fiom  the  floats. 

If  the  course  of  the  float  be  considered  as  a  water-thread,  that  is,  as  the 
route  followed  by  a  certain  mass  of  water,  the  intersection  of  these  masses, 
while  they  maintain  each  their  own  direction  is  evently  impossible.  For  this 
reason  it  is  necessary  to  examine  in  how  iax  the  course  of  a  float  coincides 
with  that  of  the  direction  of  a  water-thread.  Let  us  suppose  a  volume  of  water 
in  a  spherical  form  or  in  the  form  of  a  rotating  body  with  a  vertical  axis 
placed  on  a  quite  smooth  horizontal  surface. 

A  fload  placed  horizontally  above  this  rotating  body  will,  after  the  water 
has  flown  off  descend  vertically.  According  to  its  movement  as  seen  on  the 
plan,  we  can  only  judge,  that  the  water  was  quite  motionless.  If,  however, 
the  sur&ce  on  which  the  water  rests  be  not  quite  horizontal,  or  that  there  be 
hollows   or   projections   in   the   surface  and  inequalities  in  different  directions, 
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by  the  increase  of  speed  and  of  active  force,  the  float  will  be  drawn  in  the 
direction  of  the  greatest  speed;  from  this,  however,  it  does  not  follow  that 
the  water  does  not  move  also  in  other  directions. 

Likewise,  because  the  floats  move  towards  the  channel  and  towards  the 
concave  banks,  it  does  not  follow  that  all  the  water  moves  in  the  same  direc- 
tion ;  it  shows,  however,  that  near  the  surface  of  the  water  the  greatest  speeds 
of  the  current  are  not  directed  parallel  to  the  banks,  but  obliquely  to  the 
channel. 

This  deviation  ot  the  water-threads  towards  the  channel  is  the  reason  that 
the  efilux  of  water,  measured  by  us  in  different  rivers  gives  sometimes  results 
very  different  from  their  true  value.  The  difference  in  this  respect  is  much 
too  great  to  be  ascribed  to  want  of  precision  in  the  instruments  of  measure- 
ment, for  these  may  be  brought  to  a  great  degree  of  perfection  if  the  turning 
wings  are  carefully  attended  to  and  the  coefficient  of  friction  correctly  defined. 
With  the  confluence  of  two  waterthreads  their  masses  unite  and  the  further 
movement  follows  in  the  direction  of  the  result  of  both  their  speeds. 

The  complete  union  of  the  two  masses  of  water  can  be  judged  by  the 
colour  of  the  water,  which  is  diffierent  on  each  river.  Marshy  rivers  have  a 
dark  brown  colour,  mountainous  rivers  are  transparant,  others  yellow,  of  a 
greenish  shade  and  so  on.  This  difference  in  colour  at  the  confluence  of  two 
rivers  is  only  observable  at  a  certain  short  distance  from  the  place  of  union, 
and  gradually  disappears  as  one  thread  of  water  connects  itself  with  the 
other. 

The  float  at  the  junction  of  two  water-threads  moves  in  the  direction  of  the 
result  of  its  own  speed  and  that  of  the  two  threads.  Thus,  we  find  that  at 
the  confluence  of  two  water-threads  the  floats '  carried  by  these  threads  will 
not  unite  and  will  not  float  together,  but  their  lines  of  direction  will  cross  and 
that  if  the  place  of  union  of  the  threads  remains  unchanged  in  a  certain  part 
of  the  bed,  the  points  of  intersection  of  the  lines  of  direction  are  not  altered. 
If  a  ship  navigates  a  part  of  a  river  where  another  river  or  branch  flows  into 
it  at  a  sharp  angle  and  where  the  concave  banks  form  a  point,  it  usually 
passes  into  the  thread  issuing  from  the  other  arm. 

The  float  receives  at  every  instant  a  shock  from  the  water  which  carries 
it  but  it  always  tends  to  follow  a  straight  line  at  a  tangent  to  the  curve  of 
the  line  of  the  thread.  The  mass  of  the  water- threads  oppose  this  movement  of 
the  float  and  tend  to  draw  it  in  the  direction  of  their  route.  This  opposition 
is  partly  overcome  by  the  active  force  of  the  float,  so  that  the  direction  of 
its  movement  does  not  entirely  agree  with  the  line  of  the  water-thread  and 
the  float  deviates  towards  the  concave  bank  and  reaches  it  sooner  than  the 
thread  on  which  it  had  been  launched. 

Up  to  the  present  it  has  not  been  found  possible  to  define  to  what  extent 
the  float  deviates  from  the  direction  of  the  thread  which  carries  it,  since  the 
direction  of  the  current  is  only  to  be  observed  by  the  movement  of  the 
floats.  We  will  later  on  describe  an  apparatus  which  we  have  invented  namely 
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a  submarine  vane,  by  means  of  which  the  direction  of  the  current  at  any  point 
of  the  transverse  section  of  the  bed  may  be  determined. 

If  the  density  of  the  float  were  very  nearly  the  same  as  that  ot  the  water 
and  its  dimensions  infinitely  small,  its  direction  would  coincide  exactly  with 
that  of  the  water-thread. 

It  the  float  were  of  final  and  very  small  dimensions  its  direction  would 
deviate  very  little  from  the  movement  of  the  mass  oi  water  surrounding  it; 
and  we  may,  therefore,  admit  that  the  deviation  of  a  solid  floating  body  from 
the  direction  of  the  mass  of  water  which  carries  it,  is  to  a  certain  extent 
proportionate  to  the  dimensions  of  the  body.  The  deviation  of  the  float  results 
from  the  power  of  inertia  which  is  proportionate  to  the  mass  of  the  body, 
that  is  to  say  to  the  quantity  of  three  dimensions,  and  the  resistance  of  the 
water  transmitted  to  the  float  by  the  shocks  against  its  surface  is  proportionate 
to  the  dimensions  of  the  surface,  that  is,  to  the  quantity,  of  the  two  measure- 
ments ;  so  that  the  power  resulting  from  inertia  and  resistance  is  proportionate 
to  a  linear  quantity,  for  example  for  floats,  of  equal  height  it  is  in  proportion 
to  their  diameter.  From  the  deviations  in  direction  of  two  floats  of  different 
dimensions  some  idea  may  be  formed  of  the  extent  of  the  error  admitted, 
when  it  is  supposed  that  the  direction  of  the  float  coincides  with  the  position 
of  the  water  thread. 

With  the  object  of  throwing  light  on  this  point  we  had  a  float  made  with 
a  diameter  of  one  meter,  that  is  tho  say  four  times  as  large  as  the  usual  size. 
Its  organisation  is  shown  on  fig.  2,  Plate  II. 

Observations  on  the  progress  of  this  large  float  showed  that  in  weak  curves 
it  moved  almost  identically  in  the  same  way  as  floats  of  smaller  dimensions. 
When  the  configuration  of  the  water-threads  is  more  curved  the  larger  floats 
deviate  more  strongly  than  do  the  small  ones  towards  the  concavities  of  the 
water  lines.  (See  Plate  IV  thread  N*.  5). 

Generally  the  progress  of  a  large  float  is  less  subject  to  deviation  by  the 
shock  of  lateral  threads  of  water,  than  is  a  small  float,  therefore,  it  may  be 
accepted  that  the  floats  follow  lines  which  differ  but  very  slightly  from  the 
directions  of  the  water-threads. 

We  consider  it  here  the  appropriate  place  to  give  an  explanation  of  the 
expression  water-threads^  an  expression  which  we  shall  frequently  use  in  the 
following  pages. 

By  water-threads  we  understand  a  mass  of  water  of  indefinite  amount,  but, 
with  a  determined  direction.  This  direction  usually  agrees  nearly  with  that  of 
the  float.  Its  dimensions  being  undetermined,  the  water-thread  is  not  a  physical 
body,  but  a  representation  made  ta  explain  the  movement  of  the  water. 

In  a  river  there  are  no  separate  water-threads  of  defined  limits  and  extre- 
mities. The  movement  of  the  water  is  the  movement,  not  of  a  thread,  but  of 
a  mass,  the  same  as  the  movement  of  a  solid  body,  with  this  difference  that 
all  the  molecules  of  a  solid  body  describe  parallel  and  concentric  directions, 
while  all  the  molecules  of  a  liquid  body,  having  different  speeds  describe 
curved  lines,  not  parallel  and  not  concentric. 
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On  further  examination  of  the  plans  attached  to  this  work,  it  is  impossible 
to  overlook  the  characteristic  particularity  of  the  position  of  the  water-threads 
near  the  hanging  bridge.  In  the  neighbourhood  of  this  bridge  the  threads 
gradually  move  away  from  the  banks. 

Thus,  also,  on  the  projection  IX,  Plates  IV  and  V,  all  the  floats  are  direc- 
ted towards  the  right  bank  and  against  the  concave  part  of  it;  the  one  excep- 
tion being  float  N^.  I  on  th9  left  side,  which  only  travelled  a  distance  of 
sixty  meters  from  the  concave  part  of  the  bed.  The  floats  reaching  the  banks 
were  obstructed  by  the  fescines,  only  floats  IV  and  VI  glided  on  to  a 
smooth  surface  of  the  bank,  floated  off  it  and  descended  farther  with  the 
stream.  The  inclination  of  all  the  surface  of  the  water  in  the  entire  bed 
towards  the  channel,  and  towards  the  concave  banks,  therefore,  from  the 
shallow  water  towards  the  deep  parts,  is  a  great  security  to  navigation. 

Without  this  disposition  of  the  character  of  upper  currents,  ships  and  floats 
would  ground  on  sandbanks,  where  as  under  the  present  circumstances  a  ship 
has  only  to  follow  the  stream  and  to  take  care  that  it  does  not  strike  against 
the  banks.  The  current  itself  does  not  allow  the  vessel  to  flow  against  the 
sandbanks  on  the  convex  side.  Floats  navigate  on  the  Dnieper  and  its  bran- 
ches in  calm  weather  without  being  steered.  It  is  only  on  account  of  this 
inclination  of  the  water  to  stream  towards  the  channel,  that  vessels  And  their 
way  between  the  shallows.  We  have  often  heard  navigators  say  that  the  best 
indication  of  the  deepest  waterway  was  shown  by  floating  barrels  filled  with 
tar  and  joined  together.  As  soon  as  such  a  reft  is  launched  on  the  surface 
of  the  water  it  follows  the  deepest  parts,  except  at  curves  where  by  the  force 
of  converging  water-threads  it  is  moved  towards  the  concave  bank. 

The  French  engineer  Fargue,  proceeding  from  the  idea  that  the  convex 
banks  drive  the  water  towards  the  channel,  based  on  this  his  principal  of  the 
curved  configuration  of  the  banks  on  the  inflexions  of  the  bed. 

But,  if  the  channel  attracts  to  itself  the  threads  of  water  and  if  the  convex 
banks  reject  them,  we  must  ask  from  where  comes  the  water  on  the  convex 
banks  and  where  does  it  flow  to  from  the  channel  and  the  concave  banks? 
We  all  know  that  the  water  on  the  convex  bank  is  not  stagnant  but  has 
sometimes  considerable  speed  of  current;  thus,  for  example,  in  the. stream 
where  a  part  of  the  hanging  bridge  on  the  Dnieper  was  temporarily  removed, 
the  current  was  so  strong,  that  two  tugs  were  required  to  draw  a  vessel 
through  it. 

The  answer  to  the  question  is  very  simple.  The  water  flowing  towards  the 
channel  and  to  the  concave  banks  having  no  other  possible  issue,  rises 
slightly  and  forms  a  transversal  declivity  in  the  channel  from  the  concave 
towards  the  convex  side  and  by  its  pressure  on  the  under  currents  causes 
them  to  flow  in  the  inverse  direction  and  obliquely  to  the  banks. 

The  existence  of  such  an  under-current  from  the  channel  towards  the  banks 
has  not  up  to  the  present  time  been  exactly  determined,  as  correct  instru- 
ments  for    the    purpose   of   measurement  do  not  exist,  but  it  is  confirmed  by 
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many  observations.  Thus,  for  example,  the  excavations  in  sandy  concave  beds, 
by  which  large  pieces  of  sandy,  marshy  soil  are  frequently  carried  away  do 
not  cause  sanding  of  the  neighbouring  parts,  and  the  water  flowing  along  such 
banks  apparently  quite  pure  and  transparent,  while  in  the  shallows  it  is  cloudy 
and  lifts  a  quantity  of  alluvion  from  the  bed.  This  is  because  the  earth  loo- 
sened from  the  bank  is  carried  away  by  the  under-current,  which  distributes 
it  not  only  over  the  lowest  tongue  on  the  same  bank,  but  also  in  the  direc- 
tion of  the  opposite  convex  bank.  In  this  way  is  explained  the  increase  in  the 
number  of  the  tongues  of  land  under  watej  on  the  convex  bank  and  the 
corresponding  hollows  in  the  concave  banks  in  higher  parts.  The  best  proof 
of  the  presence  of  the  existence  of  an  under-current  is,  however,  obtained  by 
examination  of  the  bottom  of  the  bed. 

If,  in  the  bed  there  is  a  sandy  elevation  in  the  direction  of  the  current, 
the  grains  of  sand  of  the  ridge  of  this  elevation  are  thrown  on  to  the  lower 
slope  down  stream  to  be  replaced  by  others  brought  from  the  upper  parts  of 
the  stream.  The  upper  slope  is  levelled,  takes  a  slight  incline,  coinciding  with 
the  power  of  the  water-flowing  above  it;  and  the  lower  slope,  protected  from 
the  shock,  becomes  of  a  less  incUne.  By  the  levelling  of  the  upper  ridge  to 
a  slight  slope  and  by  the  increase  of  the  lower  slope,  the  sandy  ridge  gradu- 
ally descends  with  the  course  of  the  current.  As  the  displacement  of  the  par- 
ticles of  soil  is  effected  on  the  side  of  the  water-curent,  the  top  of  the  sandy 
ridge  is  directed  along  the  line  of  the  water-threads,  that  is  to  say  on  the 
bottom-current. 

These  well-known  appearances  afford  us  a  certain  means  of  fuiding  the 
direction  of  the  stream  frOm  the  configuration  of  the  bottom  of  the  bed. 

The  soft  banks  which  are  visible  at  low  water  present  a  row  of  sandy  pro- 
jections which  against  the  stream  have  a  very  slight  slope  and  are  rather 
steep  on  the  side  of  the  bank.  This  form  of  tongues  of  land  on  sandy  banks  which 
is  everywhere  observable,  shows  that  there  is  in  every  river  with  an  alluvial 
bed,  a  bottom  current  directed  obliquely  against  the  slighter  sloped  banks. 

By  examination,  by  means  of  a  water-scale  the  direction  of  the  sub  marine 
ridge  can  be  defined  and  its  limits  determined.  It  is  sometimes  found  that 
these  sandy  deposits  occupy  the  largest  part  of  the  width  of  the  bed,  rea- 
ching even  to  the  channel ;  sometimes  even  they  cross  in  the  bed,  so  that  at 
such  places  no  channel  really  exists,  at  least,  no  channel  caused  by  conver- 
ging currents.  In  this  case,  the  upper  water-streads  have  a  divergent  direction, 
that  is  to  say,  that  the  upper  convergent  uniform  current  is  replaced  in  these 
parts  by  an  under-cmrent,  fan-formed,  extending  over  all  the  bed. 

The  cuniform  current  converging  towards  the  concave  banks  engenders  by 
its  shocks  an  under  current  in  a  direction  lateral  to  the  surface  so  that  the 
current  of  the  bed  appears  to  be  a  consequence  of  the  current  of  the  channel. 
A  more  exact  examination  shows  however  that  the  working  of  both  of  the 
currents  is  dependant  on  different  causes. 

If  we  represent  the  transverse  section  of  the  bed  with  the  speeds  given  on 
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design  4,  Plate  I,  we  see  that  these  lines  divide  the  section  in  different  beds 
of  water  which  move  away  gradually  from  the  bottom  and  the  banks  towards 
the  channel;  the  bed  of  water  nearest  to  the  channel  is  generally  the  one 
with  the  greatest  speed. 

The  various  speeds  arise  as  is  known  from  the  exterior  resistances  to  the 
current  of  water  represented  principally  by  the  friction  against  the  bed  and 
partly  against  the  air.  If  we  leave  the  upper  part  of  the  bed  out  of  notice 
and  consider  only  the  bed  of  water  which  has  the  greatest  speed  relative  to 
the  others  we  observe  that  flowing  away  over  the  others,  it  withdraws  from 
the  smooth  surface  of  the  section.  Then,  to  fill  the  place,  of  these  removed 
particles  of  water,  all  the  molecules  of  the  upper  bed  are  thrown  from  upstream 
into  it.  Thus,  the  current  of  the  comparatively  rapid  channel  absorbing  the 
water  of  all  the  bed  is  the  cause  of  the  deviation  of  the  superficial  current 
towards  the  channel  or  towards  the  concave  bank  near  to  which  it  flows. 

In  this  way  the  water-threads  arrive  at  the  concave  bank  by  the  force  of 
inertia  and  partly  also  by  the  result  of  centrifugal.  Every  bed  and  each  thread 
of  water  which  moves  more  rapidly  attracts  a  neighbouring  bed  or  water- 
thread;  herefrom  arises  a  deviation  of  the  particles  .of  water  moving  at  a 
comparatively  slow  rate  along  the  bank  towards  those  moving  more  freely  and 
more  quickly  in  the  channel. 

To  find  the  cause  of  the  deviation  of  the  stream  of  the  bed  towards  the 
banks  which  have  a  slight  slope  we  must  consider  the  position  of  the  water- 
threads  in  a  vertical  smooth  sur&,ce.  As  is  known,  the  direction  of  the  wind 
blowing  over  the  earth's  surface  does  not  follow  a  line  parallel  to  it  but  at  an 
angle  to  the  horizon  which  is  sometimes  as  much  as  15°. 

This  arises  from  the  fiiction  of  the  air  on  the  earth's  surface  and  on  its 
inequalities  and  projections.  A  similar  phenomenon  occurs  with  the  movement 
of  the  water.  The  lower  beds  of  water  are  arrested  by  the  roughness  and 
unequality  of  the  bed ;  the  upper  beds  pass  in  advance  of  the  lower  ones  and 
descend  before  them  to  the  bottom;  there  they  are  again  arrested  by  the 
shock  and  the  fiiction  against  the  latter  and  overtaken  by  still  higher  beds  of 
water.  Thus  the  position  of  a  water-thread  in  a  vertical  plan  should  be  inclined 
towards  the  depth,  so  that  the  angle  of  deviation  from  the  horizon  gradually 
increases  towards  the  bottom.  There  is  to  be  observed  in  the  upper- water  beds 
a  certain  deviation  in  the  water-threads  from  the  horizon  to  the  surface  of  the 
water,  which  deviation  arises  from  its  fiiction  against  the  air.  Such  deviation 
of  water  threads  from  the  horizontal  direction  is  related  to  the  shocks  of 
surface  in  fiiction  with  the  bottom  and  with  the  air  and,  with  the  consequent 
loss  of  mechanical  power  or  of  active  force  in  the  water-threads.  This  loss  is 
accompanied  by  a  lessening  of  speed  in  the  current. 

The  upper  current  descending  from  the  banks  to  the  bed  of  the  channel 
has  a  direction  almost  parallel  to  the  bottom  and  levels  the  bottom  while 
forming  in  it  extensive  longitudinal  ridges;  there  are  thus  no  isolated  shocks 
against  the  projections  in  the  bed,  and  the  speed  of  the  bottom  beds  of  water 
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differs  but  little  from  that  of  the  upper  beds.  On  the  contrary  when  the  move- 
ment of  the  water .  is  from  a  deep  part  to  a  shallow  part,  the  lower  water- 
threads  strike  much  more  strongly,  against  the  bottom  and  the  loss  of  speed 
be  therefore  more  considerable.  In  fact  the  graphical  representations  of  speeds 
measured  in  a  vertical  plan,  present  convex  lines  very  nearly  approaching  the 
direction  in  the  channel  and  have  a  considerable  inclination  towards  the  banks 
which  are  slightly  sloped  and  towards  extensive  shallows.  The  inclination  of 
the  water-threads  to  the  horizon  increases  the  error  in  our  calculations  of  the 
efflux  of  water.  We  can  only  obtain  a  correct  calculation  by  multiplication  of 
the  speeds  on  a  smooth  surface  with  the  normal  sections,  therefore  the  speeds 
on  smooth  surfaces  must  be  determined  for  curved  sections  as  well  as  for 
horizontal  and  vertical  directions.  As  however  it  is  very  difficult  to  find  in 
nature  the  position  of  these  to  be  determined  points,  it  is  necessary  when  a 
section  has  been  chosen  to  measure  the  direction  of  the  threads  at  the  same 
time  as  the  speed  of  the  current  and  to  multiply  the  section  not  with  the 
speeds,  but  with  their  projections  on  the  perpendiculars  on  the  plans  of  the 
sections.  As  the  rectangular  projections  of  lines  are  always  less  than  the  lines 
themselves,  it  follows  that  the  actual  efflux  of  water  is  really  less  than  shown 
by  our  measurements. 

The  water-threads  directed  towards  the  bottom  are  the  cause  of  shocks 
against  it,  they  move  grains  of  sand  forward  and  rushing  again  upwards  with 
them  carry  them  down  the  stream. 

A  particularity  of  this  kind  of  movement  of  alluvion  is  the  great  speed 
remarkable  where  there  are  extensive  shallows.  The  power  of  the  shock  ot 
the  water  against  the  bottom  is  modified  by  the  inequalities  in  the  river-bed 
and  accordingly  each  mass  of  sand  as  it  is  carried  forward  cannot  directly 
cross  the  bed  but  forms  single  stripes  of  different  forms  which  are  in  the 
middle  at  their  highest  and  lower  towards  the  extremities.  The  slope  which 
is  directed  towards  the  upper  stream  is  slight  and  the  one  towards  the  lower 
stream  is  sharp.  As  by  the  increase  of  the  lower  slope  the  upper  gradually 
disappears,  the  masses  of  sand  are  thus  continually  moved  down-stream;  and 
their  height,  their  length  and  their  position  with  regard  to  the  profile  of  the 
subject  to  continual  change.  These  changes  are  caused  by  the  fact  that  the 
water  which  rushes  against  the  sandbanks  does  not  flow  over  them  but  flows 
of  at  both  sides  where  the  height  is  less. 

The  water  thrown  of  the  sandbank  forms  a  new  stream  which  is  directed 
against  the  top  and  the  two  sides  of  die  ridge  and  observations  show  that 
the  alluvion  moves  more  in  the  directions  of  the  two  sides  than  over  the  top. 
The  smaller  grains  of  sand  are  carried  by  the  water  from  the  top  and  deposi- 
ted on  the  bed  at  some  distance  down  stream  where  they  form  the  beginning 
of  a  new  ridge.  The  movement  of  alluvion  is  thus  caused  more  around  the 
ridges  than  over  their  summits. 

The  ridges  formed  lower  down  are  opposite  the  upper  ones.  Generally  the 
ridges   are   not   found   on  the  horizontal  part  of  the  bed  but  on  the  slopes  of 
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the  banks.  The  water-threads  flowing  round  the  ridges  have  a  greater  speed 
in  the  direction  where  the  resistance  is  less;  as  the  principal  resistances  of 
the  movement  of  the  water-threads  from  above  consists  in  the  weight  above 
them,  the  water  rather  flows  round  the  ridges  sideways  where  the  depth  is 
less,  that  is  towards  the  bank. 

By  each  shock  of  the  bottom  current  the  greater  part  of  the  water  deviates 
towards  the  bank;  thus  the  union  of  the  mass  of  thege  continually  moving 
impulsions  causes  a  deviation  of  the  stream  towards  the  bank  and  a  flow  of 
water  in  a  fan-like  form  towards  the  shallows. 

With  regard  to  the  causes  of  these  bottom  and  upper-currents,  we  acknow 
ledge  that  they  depend  upon  the  form  of  the  profile  of  the  transverse  section 
of  the  bed,  which  is  deep  in  the  channel  and  has  a  sofl:  incline  on  one  or 
both  of  the  banks.  We  must,  however,  not  conclude  that  these  currents  are 
due  to  the  existence  of  such  a  profile,  on  the  contrary,  the  formation  of  the 
profile  of  the  bed  arises  exclusively  under  the  influence  of  these  currents, 
without  which  that  is  to  say,  with  a  parallel  waving  movement  of  the  water, 
the  transverse  profile  would  be  nearly  a  trapeze. 

In  consequence  of  the  current  of  the  cuneiform  channel  descending  towards 
the  bottom,  the  smooth  bed  of  the  river  within  the  limits  of  the  stream  must 
have  a  triangular  form  of  transverse  section;  the  point  of  this  triangle  is  only 
observable  in  rivers  with  a  more  or  less  even  efflux  of  water.  Generally  the 
position  of  the  axis  of  the  stream  of  the  channel  varies  in  every  river  accord- 
ing to  the  alteration  in  the  height  of  the  horizon  and  the  efflux  of  water.  This 
is  the  cause  of  the  triangular  profile  becoming  obtuse  at  the  rounded  points, 
and  at  the  lower  sides,  rather  concave,  so  that  the  profile  of  its  form  approa- 
ches a  parabola. 

The  upper  part  of  the  slightly  sloping  banks  form  convex  curves  in  the 
transverse  section,  so  that  the  active  force  carrying  away  the  alluvion  of  the 
channel  towards  the  bank,  gradually  diminishes;  therefi*om  the  slope  of  the 
bank  on  which  the  particles  of  sand  are  moved,  becomes  less  sharp.  By  this 
we  are  able  to  approximately  determine,  by  means  of  the  shape  of  the  trans- 
vers  section;  the  limits  between  the  converging  and  diverging  currents,  which 
limits  must  be  near  the  point  of  inflexion  at  which  the  concave  part  of  the 
profile  becomes  convex  (Plate  I  design  5).  With  the  translation  of  the  channel 
at  the  inflexions  of  the  bed  fi-om  one  bank  to  the  other,  its  transverse  profile 
may  take  all  imaginable  irregular  curves. 

We  are  able  to  observe  on  a  small  scale  the  way  in  which  flowing  water 
works  on  the  profile  of  the  bed,  according  to  its  movement  in  two  streams, 
the  one  in  the  channel  and  the  one  on  the  bank.  For  this  purpose  we  have 
only  to  follow  the  course  of  a  mass  of  rainwater  flowing  in  ground  which  is 
easily  hollowed  out. 

Even  on  the  smooth  places  of  the  surface  of  the  ground  there  are  always 
some  parts  which  are  lower,  towards  which  the  water  firstly  in  a  wide  stream 
directs  its  course. 
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Where  the  thickness  of  the  stream  is  the  greatest,  is  seen  the  greatest  speed 
in  the  upper  water,  because  the  resistance  caused  by  friction  and  adhesion  to 
the  surface  of  the  ground  upon  it,  has  then  its  least  influence. 

In  any  case  an  accelerated  movement  of  the  water  arises;  this  attracts  the 
threads  ot  the  neighbouring  parts  on  the  bed,  hollows  out  the  ground  and 
causes  a  deepening  in  the  bed,  in  the  parts,  lying  under  the  converging  currents. 
At  the  same  time,  appears  a  current  on  the  bottom  which,  arises  in  conse- 
quence of  the  shock  of  the  water  in  the  direction  of  its  quickest  threads. 

The  converging  current  causes  longitudinal  cavities,  which  are  especially 
deep  in  their  curves,  and  the  bottom  current  rejects  the  soil  on  the  slightly 
sloped  banks  and  on  the  widenings  of  the  bed,  and  that  in  a  wavelike  form. 
In  a  very  short  time  the  bed  has  depth  and  sandbanks  of  great  extent  which 
are  distinctly  visible  when  the  bed  is  dry. 

According  to  the  laws  of  its  cttrrent  the  water  does  not  only  follow  its  bed 
in  porous  and  dry  grounds,  but,  also  in  those  which  are  hard  and  rocky.  Of 
this  proofs  are  found  on  the  Dnieper.  The  old  way,  called  the  cossack-way 
used  by  floats  in  the  spring,  flows  in  the  deepest  part  of  the  rocky  bed. 

According  to  the  explanations  of  persons  well-acquainted  with  the  cataract 
district  of  the  Dnieper  these  channels  owe  their  origin  to  accidental  fissures 
in  the  rocks,  these  having  suflfered,  in  their  less  solid  parts,  destruction  by  the 
rushing  out  of  the  water.  If  however,  we  examine  carefully  the  conditon  and 
the  direction  of  the  old  channel,  it  will  be  seen  that  this  explanation  of  acci- 
dental origin  is  unfounded. 

The  ancient  waterway  is  situated  near  to  the  right  bank  and  is  the  natural 
channel  of  the  Dnieper  in  the  cataract  district.  The  new  channel  at  low  water, 
affords  an  excellent  course  for  entering  and  leaving  the  canals.  They  are  con- 
structed near  the  lefl;  bank  in  parts  which  are  less  deep  and  less  dangerous. 

The  natural  deviation  of  the  channel  is  in  our  opinion  due  to  the  action  of 
the  northeast  wind  extending  over  centuries. 

We  have  proved  in  a  previous  report  that  the  steepness  of  the  right  banks 
of  rivers  flowing  southwards  is  not  caused  by  the  earth,  rotation,  but  by 
the  influence  of  the  wind  at  the  time  of  the  passing  of  the  ice  in  autumn. 
The  greatest  degrees  of  cold  in  our  climate,  which  cause  the  ice  on  the  rivers, 
occur  only  with  north  and  east  winds.  The  culting  power  of  the  ice  in  autumn 
is  so  great  that  it  is  sufficient  afl:er  a  few  hours  to  divide  a  beam  of  0,25  m.  in 
diameter.  The  current  of  the  water  itself  has  scarcely  any  effect  of  friction  on  wood. 

The  steepness  of  the  right  bank  in  the  cataract  district  and  the  approach 
of  the  old  channel  to  this  bank  are  therefore  not  due  accidental  causes  but 
almost  entirely  to  the  effect  Of  the  northeast  wind. 

The  rocky  bed  of  the  cataracts  has  a  depth  for  floats  nearly  sufficient  for 
their  passage  even  at  low  tides.  The  obstacles  are  the  summits  of  rocks,  which 
cross  the  bed  in  a  straight  line  and  aie  called  laties.  Throug  these  laves  the 
old  channel  takes  its  course  towards  deeper  parts  where  there  are  no  rocks 
rising  out  of  the  bed. 
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If  these  deep  parts  were  of  an  accidental  origin,  the  old  channels  in  the 
cataracts  would  be  curved,  and  have  a  winding  direction  when  passing  from 
one  lave  to  the  other;  in  reality  however  the  channel  runs  in  a  straight  line 
through  the  mutually  parallel  rows  of  laves.  It  is  impossible  to  suppose  an 
accidental  piercing  of  the  laves  at  all  the  cataracts  in  the  same  perpendicular 
line;  we  must  therefore  be  convinced  that  the  deepening  and  the  natural 
washing  away  of  the  laves  is  caused  by  the  water  in  the  direction  of  the 
channel. 

The  absorbing  power  of  the  converging  stream  is  so  great,  notwithstanding 
the  small  width  of  the  channel  (at  most  40  to  100  m.  with  a  river- width  of 
700  m.  that  a  vessel  launched  at  some  distance  from  a  cataract,  in  calm 
weather  finds,  itsself,  its  way  into  the  old  channel;  and  is  then  carried  by  the 
converging  current  over  all  the  laves.  To  guide  the  vessel  well,  it  is  only 
necessary  to  take  care  that  it  be  not  caught  by  any  lateral  current;  for  this 
purpose  a  rudder  is  used  which  is  formed  of  several  planks. 

If  the  converging  currents  were  not  as  we  have  just  described,  the  passage 
of  floats  in  the  cataract  districts  could  not  be  effected. 

There  exist,  therefore,  in  the  bed  two  currents;  the  upper  one,  convergent 
and  cuneiform,  which,  descending  to  the  bottom  of  the  channel  causes  there 
longitudinal  excavations,  and  might  be  compared  to  a  plough  throwing  the 
earth  up  on  each  side  of  it;  and  another  at  the  bottom,  divergent  and  fan- 
shaped  which  gradually  deviates  from  the  convergent  direction  along  the 
channel  to  a  direction  nearly  normal  to  the  banks. 

The  soil  washed  ont  by  this  second  current  and  thrown  on  to  the  concave 
banks  forms  slopes  with  slight  declines  and  drives  in  zig-zag  lines  slantingly 
over  the  ridges  of  sand. 

If  we  could  examine  the  direction  of  a  single  particle  of  water  it  would 
at  first  sight  appear  to  us  to  be  very  irregular  especially  on  account  of  its 
diflferent  and  apparently  accidental  deviations  from  its  normal  direction,  which 
are  caused  by  the  projections  in  the  bed  and  on  the  banks  produced  by  the 
continual  variation  in  the  flowing  quantity  of  water. 

A  particle  of  water  in  the  outer  layer  a  short  distance  from  the  banks 
takes  a  slanting  direction  towards  the  channel  and  when  it  has  reached  it, 
fells  slowly  down,  and  then  travels  quickly  over  the  bottom,  in  a  line  almost 
parallel  to  it.  It  then  turns  on  one  side  and  joins  the  bottom  current,  rushes 
against  the  foot  of  the  slightly  sloped  banks,  thereby  losing  the  active  power 
acquired  in  its  movement  along  the  channel.  Now  it  springs  sometimes  upwards, 
sometimes  downwards  and  so  continues  On  its  way,  until  it  joins  again  the 
upper  water  bed,  with  which  it  again  descends  in  the  direction  towards  the 
channd. 

The  sharper  the  curve  of  the  concave  bank,  the  more  rapid  is  the  descent 
of  the  particle  from  the  upper  beds  towards  the  bottom,  the  greater  is  the 
active  power  acquired  by  the  movement  and  the  greater  the  excavation  of 
the  bottom.  For  this  reason  the  depth  at  the  hollowed  parts  agrees  in  inverse 
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ratio  to  the  radius  of  the  curve;  still,  the  parts  of  greatest  depth  are  not 
found  exactly  opposite  the  largest  curves  of  the  concave  bank,  but  slightly 
lower  down  stream  where  the  water  particles  which  have  the  most  active 
power  reach  the  bottom. 

In  this  way  arises  the  constant  mixture  of  particles  of  water,  without  which, 
that  is,  with  a  direction  parallel  to  the  threads,  the  rapid  mixture  of  the  coloured 
or  troubled  water  of  the  affluents  with  that  of  the  river,  would  not  be 
explicable. 

The  upper  converging  current  arising  from  the  bottom  current,  after  depo- 
siting the  alluvion,  directs  itself  towards  the  channel;  therefore  this  upper 
current  is  of  clear  water,  which  causes  no  deposits  in  the  channel. 

If  the  power  of  the  converging  current  is  strong  enough  to  hollow  out  the 
concave  bank,  this  power  is  also  sufficient  to  carry  away  the  loosened  earth 
of  the  channel  and  without  obstructing  it,  deposits  this  soil  ou  the  slight 
slopes  of  the  banks.  Freed  from  this  alluvion,  the  bottom  current  arises  at 
the  surface  of  the  water  and  is  transformed  into  the  upper  current  of  a  pure 
form  and  flows  again  to  the  channel.  In  this  direction  of  currents  the  channel 
with  the  exception  of  accidental  causes  can  never  suffer  from  deposits  of 
sand.  The  sand  can  only  descend  in  a  tongue  form  upon  them  from  up-stream. 
Only  at  low-water  and  when  the  transverse  section  becomes  exceedingly  large 
in  proportion  to  the  reduced  quantity  of  water,  the  bottom  may  receive  a 
slight  deposit  of  mud. 

The  depth  and  constancy  of  the  navigable  bottom  are  thus  the  effect  of 
the  converging  current,  therefore,  in  regulation  of  rivers  in  the  interests  of 
navigation  care  should  be  taken  to  grand  to  this  stream  the  fullest  possible 
extent.  It  must,  however,  not  be  forgotten  that  to  have  a  convergence  of 
waters,  it  is  necessary  to  admit  a  free  divergence  by  a  bottom  current  on 
the  tongues  and  the  slight  slopes  on  the  banks,  considering  that  it  is  only 
by  its  equal  divergence  that  the  bottom  current  can  be  translated  into  the 
upper  ciurent,  and  proportionately  supply  the  channel  with  the  water  threads 
of  the  converging  current. 

The  converging  currents  are  directed  against  the  concave  banks  not  in 
consequence  of  centrifugal  force ;  as  is  often  seen  and  still  more  frequently 
in  regulated  parts  of  rivers,  there  often  exists  a  beautiful  channel  commencing 
on  the  concave  bank,  and  continuing  along  a  great  length  of  the  convex 
bank,  which  serves  as  a  prolongation  of  the  concave  bank.  The  converging 
current  towards  the  concave  banks  results  exclusively  from  the  concave  situa- 
tion turning  progressively  to  the  side  of  the  bed;  it  constantly  reencounters 
the  current  of  the  channel  which  deviates  from  it,  divides  again  the  water 
threads  flowing  towards  the  concave  bank  and  in  consequence  of  the  hydrau- 
lic pressure  hereby  caused  is  directed  towards  the  bottom  which  it  excavates. 

At  the  same  time  the  bottom  current  following  the  convex  bank,  being 
transformed  into  an  upper  current  supplies  new  water  threads  to  the  bed 
which  flows  towards   the   channel.    For   the   maintainance   of  the   converging 
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current,  all  that  is  necessary  is  to  give  a  sufficient  curve  to  the  convex  bank, 
for  a  constant  intersection  with  a  direction  of  the  returning  water  threads  ot 
the  converging  upper  current.  Not  only  the  concave  bank  may  be  treated  in 
this  way.  but  on  a  proportionately  short  extent,  also  the  convex;  therefore 
the  convexity  of  the  bank  should  project  considerably  in  the  bed  and  be 
turned  against  the  cmrent  with  the  object  of  meeting  again  the  water-threads 
flowing  towards  it.  Therefore,  the  more  the  convexities  forming  the  extremities 
of  the  concave  banks  are  developed,  the  more  they  retain  near  them  the 
convergence  of  the  water. 

We  have  verified  this  principal  on  the  surfeces  of  the  entire  Dnieper  and 
of  the  Pripet  and  found  every  where  that  the  more  the  upper  parts  of  the 
convex  banks  project,  that  is  the  sharper  the  water  is  driven  by  them  against 
the  opposite  concave  banks  the  greater  is  the  depth  on  the  neighbouring 
points  of  inflexion. 

In  natural  non-consolidated  beds  the  spring  current  being  directed  with 
great  speed  on  the  tongues  of  sand  forms  frequently  at  the  convexities  of  the 
bancs  convergent  watersthreads  which  excavate  the  bank  and  cause,  on  the 
sandy  ridges  near  the  banks,  longitudinal  holes  with  a  gulf  or  a  lake-like 
form.  Such  a  hollowing  out  of  the  convex  bank  is  always  accompanied  with 
a  reduction  of  depth  on  the  inflexions  of  the  bed  and  in  time  projections  are 
formed  which  are  a  hindrance  to  navigation.  From  ■  the  point  at  which  the 
concave  bank  ceases  to  intersect  the  upper  current,  the  convergence  of  the 
water  lessens  and  a  dimunation  of  the  depths  of  the  channel  results. 

In  proportion  as  the  bank  diviates  from  the  general  direction  of  the  bed, 
the  angle  of  convergence  of  the  water-threads  lessens  and  finally  instead  ot 
converging,  they  diverge.  At  this  place  the  longitudinal  channel  of  the  bed  is 
replaced  by  a  superficial  wave-formed  bed,  the  depth  of  which  diminishes  by 
degrees ;  the  channel  ceases  to  be  the  meeting-place  of  the  converging  water- 
threads  and  the  muddy  bottom-stream  rises  to  the  surface  of  the  water. 

The  characteristic  phenomena  of  convergence  of  water-threads  in  an  under 
current,  and  the  principals  of  their  divergences  near  the  junction  of  the  two 
opposite  curves  of  the  bed,  may  be  followed  on  several  plans  made  in  accord- 
ance with  our  investigations  ou  the  Dnieper  at  Kief.  These  plans  are  not 
shown  here  in  order  not  to  burden  the  report  with  a  too  great  number  of 
supplements. 

At  the  cessation  of  the  convergent  position  of  the  water-threads,  the  fan- 
shaped  bottom  currents  reach  the  surface  which  then  presents  a  boiling  appea- 
rance caused  by  impulsive  local  rising  and  falling  back  of  the  threads.  The 
displacement  of  alluvion  is  no  longer  effected  directly  but  in  zig-zag  lines  and 
in  the  ridges  of  the  sandbanks  in  a  slanting  direction.  Banks  disappear  and 
are  replaced  by  others  and  in  this  way  the  bottom  movement  continues  and 
the  banks  moves  down-stream.  If  the  water  flowing  on  the  banks  met  with 
no  hindrances  in  its  course,  this  movement  of  alluvion  would  be  continual 
as  is  seen  in  the  deltas  of  sea-mouths. 
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In  river-beds  such  an  incessant  descent  cannot  take  place  for  at  a  short 
distance  from  the  ridge  the  water  strikes  against  the  bank  of  the  river,  whereby 
the  further  removal  of  the  bank  is  prevented.  The  ridge  of  each  submarine 
tongue  at  an  inflexion  of  the  bed  unites  the  two  banks,  consequently  the  place 
of  its  tangent  with  the  bank  which  is  left  by  the  water  is  always  situated 
much  lower  down-stream  as  the  point  of  the  tangent  of  the  ridge  which  meets 
the  bank  towards  which  the  current  flows.  (See  design  3,  Plate  II). 

On  this  plan  the  tangent  point  A  on  the  ridge  with  the  left  bank  is  much 
farther  up  stream  than  the  tangent  point  B  with  the  right  bank.  The  water 
flowing  over  the  ridge  at  point  A  strikes  against  the  bank  and  springing  back 
encounters  the  neighbouring  water-threads,  forming  a  convergence  of  water; 
which  are  strengthened  by  the  additional  stream  of  water-threads  flowing  from 
the  right  towards  the  concave  bank. 

By  this  convergence  the  extremity  of  the  ridge  is  washed  away,  thus  a 
certain  limit  only  is  allowed  to  descend. 

In  consequence  of  the  increase  in  the  mass  of  the  converging  water-threads, 
the  power  of  their  flow  down  stream  is  augmented  and  at  the  same  time  the 
distance    of  the  summit  of  the  ridge  from  the  concave  bank  becomes  greater. 

We  know  that  the  ridges  in  spite  of  the  resistance  offered  by  the  bank 
move  farther  downstream  as  the  water  becomes  smoother.  This  has  two  causes, 
flrst  the  excavation  of  the  concave  bank  and  second  the  reduction  of  the 
power  of  convergence  with  the  decrease  of  flow  of  water  in  the  river. 

If  the  curve  of  the  left  bank  be  sharp  and  long,  so  that  is  forms  itself  a 
convergent  current,  as  shown  on  the  plan  a  deepness  will  arise.  If  the  insuf- 
ficiently developed  curve  of  the  concave  bank  cannot  keep  the  convergence 
of  the  water,  a  divergence  to  the  right  will  result.  If  the  right  bank  is  at 
some  distance  the  diverging  water  meeting  with  no  resistance  diverges  in  dif- 
ferent directions  oblique  to  one  another. 

In  consequence  of  the  deviation  of  the  stream  in  diffierent  directions  the  river  be- 
comes divided  into  several  single  currents,  which  often  become  independent  arms. 

The  wider  the  bed  the  easier  is  the  formation  of  new  currents  and  the 
developement  of  these  into  separate  arms. 

Generally,  rivers  which  flow  through  meadows  have  the  greatest  tendency 
to  divide  into  separate  arms,  whereas  rivers  with  high  banks  never  divide 
into  more  than  two  arms  and  that  only  at  places  where  the  bed  becomes 
wider.  (See  design  4). 

In  consequence  of  the  divergence  of  the  water  at  the  widening  of  the  bed 
a  tongue  of  land  is  formed,  which  if  the  bed  is  straight  is  placed  in  a  slightly 
convex  form  towards  the  lower  part  of  the  stream  in  a  line  nearly  normal  to 
the  banks.  This  convexity  continually  increases  in  consequence  of  the  excava- 
tion of  the  banks  produced  by  the  water  flowing  from  the  top  of  the  ridge. 
The  longer  the  tongue  of  land,  and  the  smoother  the  water,  the  nearer  be- 
come the  water-threads  to  a  direction  normal  to  the  banks,  in  consequence 
of  which  the  excavation  and  the  widening  of  the  bed  is  increased. 
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The  spring  water  advancing  with  great  power  of  inertia  on  the  central  part 
of  Ihe  tongue  of  earth  brings  with  it  a  mass  of  alluvion,  so  that  in  time  an* 
island  is  formed,  the  height  of  which  increases  from  one  end  to  the  other. 

The  difference  between  such  a  shallow  or  island  and  the  shallow  of  a 
river  flowing  in  meadow  grounds,  (see  Plate  II).  is  that  the  first  has  nearly 
always  two  submarine  tongues,  one  at  the  beginning  and  the  other  at  the  end 
of  each  arm;  the  second  has  only  one  submarine  tongue,  or  when  the  bank 
is  very  irregular  an  indefinite  number  of  them. 

The  force  of  convergence  is  proportional  to  the  active  power  of  the  moving 
water,  therefore  the  united  water-threads  can  keep  on  banks  which  are  but 
slightly  concave  and  at  spring-tides  even  on  convex  banks  when  all  the  water- 
threads  flow  against  all  the  sandy  shallows. 

At  low  spring-tides  the  convergent  current  is  limited  to  the  concave  parts 
of  the  banks  and  a  larger  concavity  is  always  required  to  retain  the  line  of 
the  axis  of  the  converging  current  directed  along  the  channel. 

Accidental  elevations  on  the  submarine  tongues  of  land  may  cause  separa- 
tion and  divergence  of  the  water-threads  and  even  the  formation  of  isolated 
currents. 

On  one  of  the  attached  plans  (Plate  II)  are  seen  six  dotted  lines;  these 
indicate  the  direction  of  the  axes  of  the  converging  currents  at  the  deep  places 
and  the  most  important  depths  above  the  elevations  of  the  bed.  The  numbers 
I  to  VI  correspond  to  the  gradual  lowering  of  the  level  ol  the  water. 

Based  on  combinations  confirmed  by  direct  measurements  we  have  pre- 
sented on  Plate  II,  design  3  six  longitudinal  profiles  of  the  water  surface  in 
the  direction  ot  the  dotted  axis-lines  corresponding  to  the  gradually  descending 
levels  Of  water. 

The  increase  of  the  superficial  speed  of  the  current  and  of  the  longitudinal 
slope  of  the  water  depends  on  the  angmentation  of  the  divergence  of  the 
water-threads,  that  is  the  flow  of  the  water  towards  the  wider  parts  of  the 
bed.  When  the  sandy  tongues  are  submerged  at  high-water  the  middle  parts 
of  the  deep  places  form  eddies  which  extend  to  the  extremities  of  the  ele- 
vation. 

The  divergence  of  the  threads  of  the  Spring-water  begins  at  the  point  where 
the  distance  between  the  summits  of  the  ridges  commences  to  increase  and 
near  the  point  where  the  concavity  of  the  bank  ceases.  (Point  B  on  the  plan). 

The  divergence  of  the  threads  of  the  Spring  water  induces  a  descent  of  the 
water-level  below  the  shallows,  which  extending  a  little  upstream  increases 
the  slope  of  the  lower  part  of  the  deep  channels  of  the  river. 

The  convergence  of  the  threads  of  the  Spring  water  resulting  from  the 
lessening  of  the  distance  between  the  summits  of  the  banks,  begins  about  the 
middle  of  the  shallows.  The  diminution  of  slope  hereby  caused  extending  over 
the  entire  sand-bank,  gradually  increases  the  current  in  descending  to  the 
middle  of  the  deep  part.  The  longitudinal  profile  resulting  herefrom  has  in 
the  depths  a  concave  form. 
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After  the  high-water  has  flown  off  and  the  Sandy  tongues  of  land  are  dry 
the  current  encounters  an  obstacle  formed  by  the  masses  of  soil  brought  down 
by  the  spring  water  and  deposited  on  the  upper  part  of  the  shallow. 

The  sandy  alluvion  of  the  upper  part  of  the  stream  gradually  disappears 
under  the  influence  of  the  bottom  current  and  re-appears  at  the  lower  end 
of  the  shallow,  where  at  the  same  time  the  fall  of  the  water  is  considerably 
concentrated. 

In  consequence  of  the  drying  of  the  deposits  of  sand,  the  point  of  division 
of  the  water-threads  descends  more  and  more  down  stream ;  therefore,  the 
slopes  below  the  deep  parts  and  above  the  elevations  are  lessened.  The  dimi- 
nution of  the  slope  at  this  part  is  caused  also  by  eddies,  which  are  the  result 
of  the  accumulation  of  alluvion  at  the  lower  part  of  the  shallows.  On  the 
shallow,  and  particularly  on  the  summit  of  the  tongues  of  land,  there  is  a 
strong  fall  of  water,  the  sleepness  of  which  increases  with  the  lowering  of  the 
level  of  the  water;  the  position  of  this  fall  on  the  longitudinal  section  moves 
forward  against  the  stream.  So  that,  as  the  water  lowers,  the  longitudinal 
profile  of  the  shallow  from  being  concave  becomes  gradually  convex.  The 
point  of  the  strongest  fall  changes  quickly  after,  the  tongues  of  land  become 
dry.  It  passes  suddenly  from  below  a  deep  part  to  a  place  below  a  shallow, 
then  with  a  further  lowering  of  the  water  it  goes  upstream,  within  the  limits 
of  the  summit  of  the  submarine  tongue  of  land. 

The  deposit  of  alluvion  on  the  shallows  is  caused  by  the  water  at  high 
tide  extending  over  the  tongues  of  land;  the  deposit  diminishes  as  the  level 
of  the  water  is  lowered,  which  results  from  the  tongues  laid  dry  diverting  the 
water-threads  towards  the  middle  of  the  bed  and  thus  causing  a  narrowing  of 
the  angle  of  their  divergence. 

At  the  beginning  of  this  movement,  when  the  mass  of  water  has  sufficient 
power  to  displace  large  quantities  of  sand,  the  latter  advance  from  the  upper 
part  of  the  shallows  in  the  direction  of  the  greatest  speed  towards  lower  part 
of  the  tongue  oi  land  (on  our  drawing  on  the  right  bank  near  the  point  B). 
The  increase  of  the  summit  of  the  submarine  tongue  at  the  point  indicated 
serves  to  turn  the  water  in  another  direction  (to  the  left)  adding  on  one  side 
to  the  curve  of  the  channel  and  on  the  other  side  to  its  depth  and  to  the 
intersection  of  the  upper  part  of  the  submarine  tongue.  To  this  cause  must  be 
attributed  the  well-known  phenomena  of  the  deepening  of  shallows  with  a 
lowering  of  the  level  of  the  water. 

After  examining  the  direction  of  the  fluvial  currents,  resulting  from  the  con- 
figuration of  the  ridges  of  the  banks  and  the  influence  of  these  currents  on 
the  form  of  the  bed,  we  can  determine  with  precision  the  form  of  bank  which 
corresponds  best  with  the  requirements  af  navigation  and  assists  to  the  forma- 
tion of  a  deep  and  constant  channel. 

We  have  already  seen  that  in  order  to  keep  the  converging  current  of  the 
channel  on  the  concave  bank,  the  latter  must  have  a  sufflcientiy  developed 
and  continuous  curve.  Therefore  the  naturel  parts   must   be   provided   with   a 
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dressing,  projections  must  be  cut  down  and  hollows  covered  by  regulating 
dikes,  connected  by  transversel  planks  with  the  bank,  the  object  of  which  is 
to  prevent  the  water  threads  at  high  tide  extending  across  the  dike  and  for- 
ming behind  at  a  converging  current  capable  of  excavating  the  bank  and 
increasing  the  dimensions  of  the  hollows. 

There  is  no  converging  current  at  the  inflexions  of  the  bed ;  there  are,  so 
to  speak,  not  even  banks,  for  at  these  parts  the  bed  being  placed  at  nearly 
a  right  angle  to  the  tops  of  the  banks  is  limited  on  one  side  by  the  parts  of 
the  river  downstream  and  on  the  other  by  those  upstream.  In  order  to  form 
in  the  inflexions  of  the  bed  a  longitudinal  cavity,  durable  and  of  sufficient 
depth  it  is  necessary  to  have  a  converging  current  and  for  this  purpose,  taking 
as  a  basis  the  combinations  which  we  have  shown,  we  must  create  an  artifi- 
cial bank,  the  direction  of  which  must  always  intersect  the  flowing  threads ; 
therefore,  the  banks  should  always  be  so  constructed  that  the  tangents  of  their 
curves  form  at  every  point  angles  with  the  direction  of  the  converging  current. 
The  concave  bank  must  have,  as  far  as  possibe,  a  concave  form,  but  it  may 
have  a  certain  convexity  at  the  place  where,  projecting  into  the  bed,  it  inter- 
sects the  direction  of  the  threads.  The  length  of  the  artificial  bank  should  be 
so  fixed  that  the  converging  current  directed  by  it,  not  expanding  at  low- 
water  may  reach  the  concavity  of  the  opposite  bank,  where  the  water  having 
flown  oflf  the  rongue  of  earth  has  already  formed  a  converging  current  As 
the  extremety  of  the  artificial  bank  is  intended  to  direct  the  threads  at  low- 
water,  the  height  of  the  bank  at  this  part  should  be  as  little  as  possible,  in 
order  not  to  provoke  a  superfluous  eddy  at  high  water.  The  foot  of  the  arti- 
ficial bank,  if  it  is  submerged,  should  be  constructed  in  masonry  up  to  the  top 
of  the  bank,  and  when  it  is  not  under  water  to  the  highest  water-level.  In 
order  to  join  easely  the  artificial  with  the  natural  bank,  the  foot  of  the  first 
must  be  in  masonry  at  the  part  where  the  concavity  decreases.  As  the  object 
of  the  artificial  bank  is  to  prevent  the  water  flowing  oflF  on  one  side,  to  form 
a  convergence  of  the  water-threads,  and  to  retnm  them  near  to  it,  a  suitable 
style  of  regulation  must  be  selected  and  a  proper  position  and  profile  given 
to  it.  To  retain  the  current  of  the  channel  along  the  bank  the  most  suitable 
system  is  found  to  the  groins  laid  slantingly  with  their  top  against  the  current; 
as  the  water-threads  not  only  follow  the  shape  of  the  tops  but  endeavour  to 
cross  over  them  and  wet  each  head  on  both  sides. 

The  upper  part  of  the  artificial  bank  wich  serves  to  throw  back  the  spring 
water-threads  firom  the  convexity  of  the  natural  bank  can  be  best  preserved 
fi-om  excavation  by  the  construction  of  a  longitudinal  dike  attached  by  trans- 
verse work  to  the  bank. 

Sharp  sloping  banks  contribute  to  the  retention  of  a  convergent  current 
along  the  banks,  while  slight  slopes  induce  divergence  of  the  water-threads 
and  the  formation  of  a  bottom  current;  for  this  reason,  it  is  necessary  to  give 
a  sharp  slope  to  the  heads  of  the  groins  laid  along  the  converging  current 

In   an   arrangement   with  fascines   on    the   Dnieper  and   on   the  Pripet  at 
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summer  low-water  wo  gave  the  part  oi  the  heads  above  water  an  incline 
almost  vertical  and  placed  the  fascines  with  their  thick  ends  upwards. 

This  arrangement  of  the  upper  part  of  the  heads  of  the  groins  is  of  great 
service  in  preventing  as  much  as  possible  injury  to  the  fascine  work  by  the 
number  of  enormous  floats  which  drift  about  without  any  order.  If  the  slope 
of  the  heads  be  steep  the  converging  stre^lm  directed  downwards  hollows  out 
the  bottom  to  a  great  extent;  to  prevent  this  a  layer  of  fecines  of  large 
dimensions   is  placed  under  the  heads,  so  that  deep  excavations  cannot  occur. 

Danger  of  collision  from  vessels  is  less  when  the  bank  is  steep,  than  when 
it  is  at  a  soft  incline.  Notwithstanding  the  active  navigation  both  by  day  and 
by  night  on  the  comparatively  small  channel  of  the  Pripet  it  has,  up  to  the 
present  never  happened  that  a  steamer  or  any  other  vessel  has  run  againt  the 
heads  on  the  concave  bank.  This  is  due  to  the  feet  that  the  converging  cur- 
rent allong  the  steep  bank  carries  the  vessel  away  from  the  bank  and  prevents 
any  collision,  even  if  the  distance  of  the  vessel  from  the  bank  be  small. 
A  configuration  of  the  bank  in  a  soft  incline  would  cause  the  water-threads 
to  drive  against  the  banks,  and  the  vessel  would  run  aground. 

The  bottom  ends  of  the  groins  may  be  unbedded  in  the  sand-banks,  but 
in  order  to  prevent  to  hollowing  out  of  the  tongues  of  land  by  the  spring 
current,  the  bottom  ends  of  the  groins  must  be  prolonged  to  the  bank  and 
arranged  perpendicularly  to  the  convex  bank.  They  will  form  a  curve  as 
shown  on  Sketch  3,  Plate  II  and  their  height  should  correspond  with  the 
height  of  the  projected  bank,  gradually  diminishing  as  it  descends  the 
current. 

It  cannot  be  doubted  that  with  a  configuration  of  converging  bank  as 
represented  on  Sketch  3,  Plate  II  a  deep  cavity  is  formed  in  the  length  of 
the  river-bed,  its  depth  will,  however,  be  less  than  the  depth  of  the  two 
united  current  situated  lower  downstream,  so  that  the  form  of  the  bank  does 
not  provide  a  complete  equalisation  of  depths.  In  order  to  lessen  the  depth 
at  the  parts  mentioned  of  the  concave  bank  and  at  the  same  time  to  protect 
the  foundation  from  being  hollowed  out  by  the  concentrated  current,  erections, 
as  shown  by  dotted  lines  in  the  plan  may  be  applied,  giving  them  a  down- 
stream direction,  and  thus  change  the  converging  current  which  is  directed 
downstream  into  a  diverging  one  which  tends  upwards.  In  thus  profiting  of 
the  bottom  elevations  there  is  no  danger  of  an  increase  of  the  hollowing  of 
banks,  for  the  depths  forming  in  the  bottom  beyond  the  elevations  are  of 
but  small  width.  The  soil  which  is  hollowed  out  is  carried  away  by  the 
diverging  threads,  and  heaped  up  at  the  foot  of  the  bank,  giving  it  a  slight 
incline. 

In  reviewing  the  measures  to  be  taken  in  the  construction  of  a  projected 
bank,  it  may  be  accepted  as  a  rule  that  it  is  advisable  to  lengthen  the  con- 
cave banks  and  to  advance  the  convex  extremities  In  the  bed ;  the  projection 
of  the  upper  part  of  the  convex  bank  should  be  developed  as  much  as 
possible. 
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There  is  no  fear  of  any  danger  arising  from  the  retention  of  the  water  by 
the  artificial  bank,  as  the  height  of  the  bank  does  nos  exceed  that  of  the 
elevation  situated  lower  downstream  in  the  direction  D  E  (Plate  II).  An 
eddy  of  the  spring  waters  is  formed  above  the  shallows  and  the  eddies  in  the 
depths  are  proportionately  diminished,  so  that  the  lower  concave  section  of 
the  high  tides  approaches  the  natural  straight  configuration,  and  the  slope  and 
the  surface  speed  become  more  regular.  After  the  excavation  of  the  submarine 
sandy  reach  along  artificial  bank,  the  eddy  of  the  summer  water  will  diminish, 
the  surface  will  extent  upstream  over  the  lower  part  of  a  depth  and  down- 
stream over  the  upper  part  of  another  depth.  Nevertheless,  the  surface  of  the 
summer  water  concentrates,  itself  at  the  sharp  curve  of  the  banks,  as  this 
causes  a  strong  eddy.  This  concentration  of  the  slope  on  the  deepened 
shoals  preserves  the  neightbouring  depths  from  the  undesirable  transference 
upon  them  of  the  fall  of  the  water,  which  often  occurs  in  the  application  of 
the  system  of  retaining  the  water  for  the  regulation  of  the  bed. 

The  rule  laid  down  for  the  advancement  of  the  extremities  of  concave 
banks  in  the  bed  has  been  practically  applied  in  the  regulation  of  the  bed  of 
the  Pripet,  as  we  have  shown  in  a  previous  report  to  the  assembly  of  ^Russian 
hydrostatical  Engineers.  Primitively,  the  width  given  to  the  projected  bed  of 
the  Pripet  was  the  considerable  one  of  200  m.,  and  for  the  execution  of  the 
work  groins  were  built  on  each  bank.  These  works  were  done  in  1884  and 
1885.  But  the  parts  of  the  least  depth  moved  from  the  shallows  to  the  curves 
of  the  bed.  This  result  is  inevitable,  for,  after  the  narrowing  of  the  bed,  when 
the  direction  of  the  banks  is  divergent  a  divergence  of  threads  and  a  deposit 
of  alluvion  always  ensues.  Therefore  it  was  necessary  to  narrow  the  bed 
gradually  up  to  the  concavities  by  advancing  the  groins;  and  this  explains 
why  the  lengthening  of  the  groins  situated  above  the  concave  bank  has  no 
influence  on  the  deepening  of  the  shallows;  whereas  the  advancement  of  the 
groins  at  the  extremiiy  of  the  opposite  bank  produces  at  once  a  deepening  of 
the  channel  and  constancy  in  its  position,  especially  as  the  number  of  bottom 
elevations  is  increased  by  the  construction  of  intermediate  groins. 

The  correctness  of  the  rule  has  also  been  confirmed  by  the  construction 
of  groins  on  the  Dnieper  above  Kiev,  where  in  order  to  deepen  the  entrance 
to  the  port  of  the  town  it  was  found  necessary  to  advance  considerably  the 
extremity  of  the  slightly  concave  left  bank  into  the  bed.  The  shape  of  bank 
and  the  position  of  the  groins  as  represented  on  Plate  II  have  been  applied 
to  the  regulation  of  the  Pripet  on  the  sandbank  Proghnolski,  to  which,  however, 
so  much  developement  has  not  been  given  on  the  converging  bank  in  order 
to  avoid  the  expensive  powerful  strengthening  of  the  opposite  bank,  for  which 
a  considerable  depth  was  not  necessary. 

After  the  configurations  described  had  been  made  in  the  course  of  the 
Pripet  near  Tschemobyl  on  four  sand-banks,  the  depth  at  the  inflexions  of 
the  canal  was  1.5  times  more  than  was  desired  if  the  summer  water-level  be 
taken   as    a   basis.    No    unfavourable   results    to    the    neighbouring  parts  were 
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caused,  for  a  great  part  of  the  slope  remained  on  the  regulated  reach,  and 
this  on  account  of  the  eddies  formed  by  the  projections  of  the  banks. 

It  is  also,  to  be  observed  that  these  projections  are  far  from  being  deve- 
loped to  the  extent  shown  on  Plate  II;  therefore,  if  a  later  deepening  of  the 
bed  became  necessary,  the  convergence  of  the  water  could  be  strengthened 
by  strengthening  the  basis  of  the  opposite  banks.  Thus  the  explanation  given 
of  the  positions  of  fluvial  currents  is  quite  confirmed  by  the  data  obtained  in 
practice,  the  manifestation  of  which  preceded  the  theoretical  explanation  and 
gave  cause  to  examinations,  observations  and  generalisation  of  the  subject. 

In  order  to  have  a  considerable  and  stable  deepening  of  the  bed  it  is 
necessary  to  give  to  the  concave  bank  a  regular  form  and  a  sufficient  curve, 
and  by  an  artifial  lengthening  to  conduct  the  water  to  the  concavity  of  the 
opposite  bank,  which  has  to  be  treated  in  the  same  manner.  With  this  the 
inflexions  of  the  bed  disappear  and  we  obtain  banks  alternatively  concave  on 
each  side. 

These  banks  may  be  designated  conductors  of  the  converging  water-threads 
and  of  the  channel. 

Up  to  the  present  we  have  spoken  of  concave  banks,  by  the  development 
of  which  the  inflexions  of  the  bed  can  be  obviated.  The  formation  of  such 
banks  is  the  principal  means  of  regulating  the  current  in  the  interests  of  steam 
navigation;  we  must,  however,  also  consider  the  opposite  lying  banks  against 
which  the  bottom  current  flows.  The  bottom  current  rising  on  the  slight  slopes 
reaches  the  upper  beds  of  water  and  is  transformed  into  an  upper  current, 
which  with  the  threads  converging  towards  the  channel  forms  a  channel-cur- 
rent near  the  concave  banks.  In  view  of  the  transformation  of  bottom-current 
into  an  upper-current,  care  must 'be  taken  that  the  water  diverges  proportion- 
ately along  the  convex  bank,  so  that  the  divergence  arises  of  the  threads  fi-om 
the  channel  which  is  winding  and  of  diminishing  depth. 

A  particular  obstacle  to  the  uniforme  divergence  of  water  along  slightly 
sloping  banks  is  the  side-arms  by  which  the  bottom  current  flows  away, 
depriving  the  principal  converging  current  of  its  threads,  and,  thus,  diminish- 
ing the  convergence  of  the  water  towards  the  channel;  in  consequence  of 
which  may  be  caused  a  divergence  in  the  channel  and  even  its  entire  ces- 
sation. 

The  sanding  of  the  arms  has  often  been  observed;  this  is  a  consequence 
of  the  phenomenon  described  and  is  the  reason  why  the  side-arms  should 
be  closed. 

By  these  arms  we  understand  those  of  which  the  direction,  when  they  sepa- 
rate from  the  principal  bed,  does  not  accord  with  the  direction  ot  its  current, 
flows  into  a  side  arm  and  is  then  changed  into  a  converging  current  near  to 
one  of  the  banks. 

Besides  the  side-arms  in  the  banks  the  transformation  of  the  bottom  current 
into  an  upper  current  arises  from  the  increase  in  the  slight  slope  of  the  convex 
bank,   when    the    bottom    current,  flowing  to  a  considerable  distance  from  the 
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channel  ceases  to  supply  it  to  a  sufficient  degree  with  converging  threads, 
from  which  results  a  diminution  of  convergence,  increase  of  the  distance  of  the 
channel  from  the  concave  bank,  divergence  of  the  upper  water-threads  and  a 
deposit  of  alluvion.  This  phenomenon  is  principally  observed  on  the  shallows 
at  widenings  of  the  bed. 

Even  a  considerable  narrowing  of  the  bed  at  these  parts  produces  no  impro- 
vement and  the  channel  has  neither  the  desired  depth  nor  a  permanent  posi- 
tion. That  is  because  artificial  nauowing  iufluences  the  consequence  and  not 
the  cause.  The  widening  of  the  bed  is  not  the  primitive  cause  of  the  sanding 
and  instability  of  the  channel ;  the  cause  is  the  irregular  distribution  of  the 
currents  of  the  river.  In  narrowing  the  bed  by  advancing  the  two  banks  con- 
verging currents  are  created  on  each  bank  and  the  channel  cannot  possibly 
maintain  a  durable  position  near  to  one  of  them,  and  so  flows  in  imigular 
curves  from  one  bank  to  the  other  under  the  influence  of  the  changes  taking 
place  on  the  neighbouring  parts  of  the  river  and  the  rising  and  falling  of  the 
water-level. 

Parallel,  or  nearly  parallel  lines  look  very  well  on  the  plan,  but  are  in 
reality  not  applicable,  as  the  idea  on  which  they  are  based  is  in  contradiction 
to  the  laws  of  movements  of  currents  in  rivers.  According  to  plans  of  regula- 
tion works  executed  or  several  foreign  rivers  it  is  seen  that  in  these  the 
channel  deviates  systemattically  from  the  position  expected,  that  the  windings 
of  the  channel  are  arbitrary  and  temporary,  that  the  channel  often  extends  to 
the  convex  banks  and  the  concavities  are  covered  with  alluvion  in  the  form 
of  moving  tongues  of  land. 

These  consequences  of  the  application  of  the  system  of  hydraulic  obstruction 
on  the  shallows  will  be  understood  if  we  examine  the  influence  which  the 
elevations  advancing  from  the  extremity  of  the  convex  bank  has  on  the  bottom 
current.  The  bottom  current  reaching  the  heads  of  the  groins  cannot  turn 
towards  the  concave  bank,  but  is  inevitably  changed  into  a  converging  current 
descending  towards  the  bottom,  rushing  towards  the  elevations  and  excavating 
holes  in  them.  Then  becoming  again  a  bottom  current  it  diverges,  carrying 
the  excavated  soil  into  the  channel,  which  in  this  way  is  not  only  not  deepe- 
ned, but  may  become  sanded  up.  The  groins  confining  the  width  of  the 
diverging  current  in  a  frui-like  form  can  only  increase  the  flow  of  water 
towards  the  channel  at  a  certain  distance  downstream;  they  must  therefore 
not  be  constructed  near  tb  the  tops  of  the  submarine  tongues,  but  are  of  much 
more  use  when  situated  at  the  commencement  of  the  shallows.  The  arrange- 
ment and  the  profile  of  the  groins  near  the  convex  bank  must  be  quite  diffe- 
rent to  the  extremity  of  the  concave  bank,  for  their  purpose  is  not  to  attract 
the  current  of  the  channel,  but  on  the  contrary  to  direct  it  towards  the 
opposite  bank,  and,  in  particular,  to  reduce  the  angle  of  divergence  of  the 
threads  of  the  bottom  current,  so  that  it  can  be  sooner  changed  into  an  upper 
current,  which  increases  the  divergence  near  the  tops  of  the  tongues.  For  this 
reason    these   groins    must   be   inclined  downstream,  their  extremities  directed 
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against  the  current  and  their  slope  very  slight.  The  arrangement  of  the  groins 
near  the  tongues  downstream,  just  where  a  diminution  of  convergence  is 
desirable,  in  order  to  prevent  the  excavation  of  the  bottom  towards  the  con- 
cave bank. 

However,  in  order  to  utilise  the  water-threads  and  to  return  them  more 
quickly  to  the  channel,  submerged  works  may  be  erected  on  the  convex  bank, 
parallel  to  the  bank.  (Similar  to  those  shown  on  Plate  II). 

It  is  to  be  supposed  that  such  works  in  changing  the  longitudinal  direction 
of  the  bottom  current  into  a  transverse  one  may  accelerate  the  transformation 
of  this  current  of  upper  water-threads  into  a  current  directed  towards  the  channel. 

In  a  natural  bed  the  convergence  and  divergence  of  the  water  are  unequal. 
In  the  depths  we  observe  a  converging  current  and  on  shallows  of  great 
extent  a  diverging  current.  The  tendency  of  the  regulation  of  the  bed  should 
be  to  promote  a  proportionate  partition  of  these  currents  along  the  river,  to 
accomplish  which  the  current  should  be  directed  by  a  suitable  construction 
of  the  banks,  in  such  way  that  a  converging  and  a  diverging  current  is  ob- 
tained in  every  transverse  profile  It  is  in  the  interests  of  navigation  to  have 
a  converging  current  all  along  the  river,  and,  for  this  reason  great  care 
should  be  taken  in  transforming  the  diverging  currents  on  extensive  elevations 
into  converging  currents;  but,  it  is  also  necessary  to  attend  to  the  conformitv 
of  the  divergence  of  the  bottom  current  by  reducing  as  required  the  angles 
of  the  divergence  of  the  threads,  as  will  as  to  the  increase  or  their  divergence 
in  the  depths  in  causing  submerged  erections. 

Narrowing  of  the  bed  is  of  no  use  and  is  only  the  consequence  of  the 
advancing  of  the  guiding  bank  in  the  bed  on  the  shoals  themselves,  and  of 
the  concave  bank  above  the  shoals. 

The  theory  exposed  concerning  the  directions  of  river  currents  and  the 
rules  which  have  been  deduced  for  the  rational  regulation  of  rivers  are 
founded  on  observations  on  the  effect  of  regulating  works,  observations  on 
the  movement  of  floats  and,  generally  on  any  Objects  floating  on  the  water, 
on  examinations  of  the  forms  of  river-beds  and  on  the  transference  of  allu- 
vion. A  part  of  these  observations  has  confirmed  the  correctness  of  the  rules 
deduced ;  and  the  results  gathered  by  means  of  the  formulae  of  dynamics 
likewise  prove  the  exactitude  of  the  theory.  Nevertheless,  for  the  develope- 
ment  of  this  scientific  theory  in  the  interests  of  regulation  works  and  in  order 
to  obtain  principles  which  are  exactly  in  accordance  with  reality  for  the 
mathematical  treatment  of  hydrodynamics,  it  is  requisite  that  future  observa- 
tions on  the  directions  and  positions  of  water-threads  be  more  exact.  Up  to 
the  present  such  observations  could  not  be  made  for  want  of  suitable  instni- 
ments.  We  must  consider  that  it  has  hitherto  been  impossible  to  determine 
exactly  the  direction  of  a  current  even  in  an  upper  bed  of  water,  since  the 
direction  of  the  movement  of  a  float  is,  as  explained  above,  not  in  exact 
accordance  with  the  direction  of  the  water-threads.  Therefore,  in  order  to 
become  an  exact  science,  hydraulics  demands  instruments  by  which  the  direc- 
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tion  of  the  movement  of  water  at  all  points  of  the  transverse  section  of  the 
bed  may  be  determined. 

To  determine  the  direction  of  the  wind  a  fane  or  weathercock  is  used,  and 
a  similar  apparatus  may  also  serve  for  the  direction  of  water-threads;  still, 
the  construction  of  such  an  instrument  for  use  in  water  must  be  of  a  much 
more  complicated  nature,  than  that  of  an  aerial  fane,  and  the  observation  of 
the  water-threads  much  more  difficult.  The  aerial  fane  indicates  the  direction 
of  the  wind  in  an  horizontal  surface  while  a  submarine  fane  must  show  the 
direction  of  the  movement  of  the  water  at  the  same  time  horizontally  and 
vertically.  The  deviations  in  the  directions  of  water-threads  are  made  slowly 
and  are  weak,  it  is,  therefore,  necessary  that  the  instrument  of  measurement 
be  very  sensitive  and  exact.  The  principal  difficulty  is,  however,  the  fixing 
and  arrangement  of  the  submarine  apparatus  and  the  observation  of  its  indi- 
cations. However  securely  a  vessel  may  be  layed  to  with  anchors  and  ropes, 
there  always  exists  some  swinging  and  rotative  motion,  which  is  the '  result  of 
the  force  of  the  current,  of  the  wind  or  even  caused  by  the  moving  about  of 
the  people  on  board.  For  this  reason  the  placing  and  using  of  the  apparatus 
on  a  boat  would  afford  inexact  and  even  quite  erroneous  results.  It  is  impos- 
sible to  take  direct  observations  of  the  movement  of  the  submarine  fane.  The 
use  of  instruments  for  the  transmission  of  the  movements  is  however  difficult, 
because  they  hinder  the  free  working  of  the  feme  and  reduce  its  sensitiveness. 

These  observations  show  that  such  an  apparatus  must  not  but  of  ordinary 
construction,  but  must,  to  answer  its  purpose  be  of  a  very  complicated  nature. 

Researches  made  by  a  submarine  fane  should  be  executed,  as  far  as  possible, 
on  an  extensive  scale,  in  order  that  exact  deductions  may  be  made  from  the 
observations  taken,  leaving  on  one  side  accidental  influences,  which  often  so 
complicate  the  phenomenon  observed  that  it  seems  to  be  at  first  sight  out  of 
all  rule  and  subject  to  no  definite  laws. 

Thus,  for  example,  in  order  make  clear  the  two  kinds  of  currents  in  the 
fluvial  bed  we  have  said  that  a  part  of  the  section  is  occupied  by  converging 
and  the  other  part  by  bottom  or  divergent  water-threads.  In  reality,  however, 
it  may  happen  that  a  convergence  appears  at  several  places  and  a  divergence 
may  exist  not  only  at  two  points,  but  at  many  points  of  a  section. 

In  order  to  discover  the  causes  of  these  complications  we  must  examine 
them  with  exactitude  and  in  detail  by  means  of  repeated  measurements  at 
points  near  to  one  another  and  on  several  adjacent  transverse  sections  of 
the  bed. 

For  the  execution  of  such  examinations  the  writer  of  the  present  report  has 
projected  two  submarine  fanes,  one  of  wich  is  complete,  and  is  found  to  be 
quite  suitable  for  its  purpose.  Designs  of  it  are  attached  (See  Plates  VI,  VII, 
and  VIII).  It  is  composed  of  two  steel  arms  A  A^  perpendicular  to  each 
other,  fixed  across  a  steel  rod  F^  which  moves  vertically,  as  well  as  horizon- 
tally. To  equalise  the  wings  of  the  fane  a  leaden  weight  B  in  the  form  of  a 
cone  is  placed  at  the  other  extremity  of  the  rod. 
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A  brass  tube  T  serves  as  axis  for  the  horizontal  movement,  with  a  conical 
steel  stop  D  at  its  lower  end.  The  axis  for  the  vertical  movement  passes 
through  the  diameter  E  of  this  tube.  The  inner  axis  of  the  rests  in  a  suppor- 
ting steel  socket  .S",  fixed  inside  a  brase  ring  Z.  The  ring  Z  is  screwed  into 
the  lower  end  of  the  iron  tube  CT,  which  serves  as  base  for  all  the  apparatus. 
The  brass  tube  passes  through  the  centre  of  this  supporting  tube,  so  that  the 
geometrical  axes  of  both  agree.  To  the  upper  part  of  the  principal  tube,  as 
also  to  its  lower  part  a  bronze  arch  I  is  screwed  at  the  upper  extremity  of 
which  is  a  steel  screw  with  a  point  and  K  supporting  the  upper  part  of 
the  middle  tube. 

Such  a  submarine  fane  gives  the  movement  of  a  water-thread  in  horizontal 
as  well  as  in  vertical  diretions.  The  needle  A  .shows  the  horizontal  deviation. 
This  needle  is  fixed  to  the  centre  tube  and  to  the  index  M  on  the  principal 
tube.  The  water-thread  having  turned  the  wing  of  the  the  fane  to  the  right 
or  to  the  left,  turns  the  middle  tube  and  consequently  the  needle,  which 
shows  on  the  index  the  extent  of  the  angle  of  deviation  of  the  thread.  By 
means  of  the  rod  H  and  the  index  O^  the  needle  indicates  the  vertical 
deviations  of  the  threads.  Both  of  these  parts  of  the  apparatus  are  fixed 
on  the  middele  tube;  the  needle  moves  on  the  axis  and  the  index  is  immo- 
vable. The  vertical  movements  of  the  fane  are  transmitted  to  the  needle  by 
two  brass  wires  N  N  oi  equal  length  running  parallel  to  one  another  from 
the  bend  of  the  rod  of  the  fene  to  the  needle.  The  correction  and  extension 
of  the  brass  wires  is  effected  by  means  of  screw-couplings  P  P, 

For  placing  the  fane  at  the  desired  depth  the  principal  tube  is  marked  out 
in  centimeters  in  coloiu*s. 

To  set  the  apparatus  according  to  the  profile  designated  by  the  indicators 
on  the  bank  pinules  C  are  used  attached  to  the  side  of  the  upper  part, 
and  for  placing  it  vertically  a  level  G  is  employed  which  is  fixed  on  a 
horizontal  index. 

The  entire  length  of  the  apparatus  is  about  6  m.,  so  that  it  can  be  placed 
in  the  water  to  a  depth  of  5  m. 

For  placing  the  fane  we  take  a  support  with  three  legs  which  carries  a 
rectangular  fi-ame  of  hollow  iron  tubes,  and  is  made  of  oak  or  other  heavy, 
solid  wood.  The  supporting  table  has  iron  plates  at  its  sides,  with  projecting 
ends  which  serve  as  holes  for  the  feet.  The  feet  are  coated  at  the  sides  on 
all  their  length  with  iron  and  are  fixed  in  the  holes  by  means  of  compressing 
screws  a  a  a.  To  prevent  the  feet  sinking  in  the  soft  ground  small  iron  cups 
SSS  are  fixed  at  their  extremities.  These  cups  resting  on  their  sharp  edges 
prevent  the  supports  from  slipping  on  stony  soil.  In  order  that  the  supports 
may  not  separate  firom  each  other  more  than  is  desirable  they  are  joined  at 
about  half  their  height  by  ropes  bbb.  The  ends  of  these  ropes  are  fi-ee,  so 
th^t  when  the  apparatus  is  placed  in  the  water  they  may  be  pulled  or  slacke- 
ned as  required  for  the  alteration  of  the  position  of  the  feet. 

The  frame  by  means  of  which  the  fane  is  let  down  is  fixed   on    the    upper 
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part  of  the  support  by  means  of  a  double  hinge  r  so  that  it  can  move  freely. 
On  the  principal  frame  a  small  frame  d  moves  up  and  down  on  rollers.  This 
small  frame  has  two  cramp-irons  e  e.  A,  similar  cramp-irion  is  placed  on  the 
upper  part  of  the  principal  frame  g.  The  tube  of  the  fane  is  placed  in  these 
three  cramp-irons.  To  keep  the  tube  in  a  vertical  position  three  tin  cords 
zzz  issue  from  the  lower  part  of  the  frame,  each  of  which  passes  over  the 
pullies  u  at  the  end  of  the  supporting  feet,  passing  thence  upwards  along  the 
foot  towards  the  winders  and  ratchet-wheels  ///.  By  winding  up  or  unwin- 
ding  these  three  cords  the  fane  is  kept  in  a  vertical  position. 

For  raising  and  for  letting  down  the  fane  a  cord  k  is  used  issuing  from 
the  frame  ^,  which  turns  with  the  apparatus.  The  card  passes  over  the  pulley 
A  which  is  fixed  to  the  upper  part  of  the  large  frame  to  the  winder  //. 

For  observations  to  be  made  in  one  single  place  at  different  depths  it  is 
not  necessary  to  rearrange  the  pinules  each  time  an  observation  be  taken,  as 
the  tube  of  the  fane  can  be  fixed  to  the  cramping-irons  ^  ^  by  the  screws  n  n 
at  the  commencement  of  the  observations. 

In  order  to  give  greater  wheight  to  the  apparatus,  with  the  view  of  obtai- 
ning greater  fixety,  a  cylindrical  iron  reservoir  /  is  suspended  by  a  pulley  in 
the  middle  of  the  upper  plate  and  underneath  it.  This  reservoir  can  be  filled 
with  water  and  emplied  by  means  of  an  opening  and  a  valve. 

For  the  transport  and  fixing  of  the  fane  and  the  supports  two  boats  are 
required,  fitted  with  scaffolding  as  seen  on  the  sketch.  Scaffolding  of  3.5  m. 
in  height  is  sufficient  to  lift  the  supports  out  of  the  water.  The  lifting  and 
lowering  is  eflfected  by  means  of  a  small  windlass  or  capstan  placed  on  the 
bridge  at  the  after  part  of  the  boat.  Moveable  platforms  at  each  side  of  the 
apparatus  serve  as  standing  places  for  the  observers  and  are  so  elevated  as 
to  be  always  near  the  upper  end  of  the  tube  and  in  view  of  the  indices. 
The  same  windlass  or  capstan  which  works  the  apparatus  also  raises  the 
platforms.  For  this  purpose  are  attached  to  the  principal  cable  at  point  B 
two  side  cables,  which  travel  together  over  a  fixed  pulley  T  with  three 
wheels,  placed  at  the  top  of  the  scaffold,  thence  under  the  pulleys  D  Z>, 
over  the  pulleys  E  E  and  then  descend  to  the  platform. 

For  lifting  and  laying  out  the  anchors  a  small  boat  is  required.  The 
arrangement  of  the  boats  is  shown  on  the  plan. 

With  the  aid  of  this  apparatus  measurement  was  eflfected  in  the  months  of 
September  and  October  1893  of  the  direction  of  water-threads  on  the  Dnieper 
at  Jekaterinoslaw. 

The  results  of  these  observations  are  embodied  in  a  special  report. 
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tion des  flottenrs  marquent  les 
minutes  ^couUes  depuis  le  depart 
k  partir  du  premier. 

(Pour  les  autres  inscriptions,  voir 
les  traductions  „Planche  IV".) 

PLANCHE  VI. 

Dessin  de  la  girouette  sons-marine, 
14  de  la  grandeur  naturelle. 

Section  de  Textr^mit^  du  tnyau 
par  Taxe. 

Vue  de  la  partie  posterieure. 

Coupe  par  la  ligne  <i — b. 


BLATT  IV. 

Darstellung  der  Wellenbewegung 
auf  dem  Dnjepr  bei  Kiew,  anf- 
genommen  nach  im  April  1892 
bei  einem  Wasserstande  von 
-J-  1,09  Sascbene  am  Hydro- 
meter der  Hangebrucke  ange- 
stellten  Beobachtungen. 

(reschwindigkeitsprofile. 

Natiirlicbe  Grenze  von  Natalka. 

Weg  der  Schwimmer. 

Hochwasser  im  Friihjahr. 

Begrenzung  bei  niedrigem  Wasser- 
stande. 

Uferkamm. 

Richtung  der  Drehung  der  Schwim- 
mer, die  Ziffern  geben  die  Anzahl 
der  Umdrehungen  zwischen  zwei 
benachbarten  Profilen  an. 

Kunstbauten  unter  Wasser. 

Schwimmer  mit  einem  Durchmesser 
von  .... 

Die  Zahlen  auf  den  Geschwindig- 
keitsprofilen  geben  die  Geschwin- 
digkeit  der  Schwimmer  in  Sa- 
schenen  per  Sekunde  an. 

BLATT  V. 

Richtung  der  Stromung  und  Pro- 
file der  Richtung  der  Schwimmer 
nach  Verlaufgleichmassiger  Zeit- 
intervallen. 

Die  Ziffern  auf  den  Profilen  der 
Richtung  der  Schwimmer  geben 
die  Anzahl  der  Minuten  an , 
welche  seit  Abgang  des  ersten 
verflossen  sind. 

(Die  tibrigen  Inschriften  siehe 
Uebersetzung  zu  Blatt  IV.) 

BLATT  VI. 

Zeichnung  des  Stromungsanzeigers 
34  der  natiirlichen  Grosse. 

Querschnittdes  aussersten  Riihrenen- 
des  durch  die  Achse. 

Ansicht  des  hinteren  Theiles. 

Schnitt  in  der  Linie  a — b. 


PLATE  IV. 

Projection  of  the  state  of  the  waves 
on  the  Dnieper  at  Kiev  drawn 
up  from  investigations  made  in 
April  1892,  at  a  level  of  1.09 
sagene  above  the  rod  of  the  hy- 
drometer of  the  suspension  bridge. 

Sections  showing  the  speed. 
Natural  limit  of  Natalka. 
Ways  taken  by  the  floats. 
Water-level  during  spring  floods. 

Limit  at  a  low  level. 

Top  of  the  bank. 

Direction  taken  by  the  floats  in 
rotation,  the  figures  indicate  the 
number  of  turns  between  the  two 
neighbouring  sections. 

Works  under  water. 

Float  of  a  diameter  of  ...  . 

The  figures  on  the  sections  showing 
the  speed  mark  the  speed  of  the 
floats  in  smjonen  per  second. 

PLATE  V. 

Projection  of  the  direction  of  the 
current  and  sections  of  the  direc- 
tion taken  by  the  floats  at  regular 
intervals. 

The  figures  on  the  sections  showing 
the  direction  taken  by  the  floats 
mark  the  minutes  that  elapse 
after  the  departure  of  the  first. 

(For  other  references  see  transla- 
tions under  Plate  IV.) 

PLATE  VI. 

Sketch  of  the  submarine  vane,  half 

actual  size. 
Section     of    the   extremity    of  the 

tube  made  by  the  bed  of  the  river. 
Vue  of  the  back. 
Section  at  the  line  a — b. 
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PLANCHE  VII. 

Elevation  de  cdt^. 

Vue  de  devant. 

Dessin  du  support  de   la   gironette 

sous- marine. 
Section  du  pied  de  support. 
Elevation  de  c6t^,  V12  ^^  ^^  grandeur 

naturelle. 

PLANCHE  VIII. 

Dessin  concernant  le  projet  de  la 
gironette  sous -marine. 

Chaland  et  structure  pour  le  trans- 
port et  le  posage  de  la  gironette 
sons-marine. 

Plan  sch^matique  du  posage  du 
chaland  par  rapport  ati  jalon. 

Pin. 

ChSne. 

Fer. 

Fonte. 

Vue  de  devant. 


BLATT  VII. 

Seitenansicht. 

Vorderansicht. 

Zeichnnng  des   Standers   des   Stro- 

mungsanzeigers. 
Qnersohnitt  des  Standerfusses. 
Seitenansicht   1/12   ^^^   natiirlichen 

Grosse. 

BLATT  VIII. 

Zeichnnng  das  Project   eines   Stro- 

mungsanzeigers  betreffend. 
Schute    nebst     Vorrichtung     zum 

Transport  und   zur   Aufstellung 

des  Stromungsanzeigers. 
Skizze  der  Aufstellung  derSchuten 

mit  Hinsicht  auf  die  Bake. 
Tannenholz. 
Eichenholz. 
Eisen. 
Gusseisen. 
Vorderansicht. 


PLATE  VII. 

Elevation  of  the  side. 

Front  view. 

Sketch  of  the  support  of  the  sub 

marine  fane. 
Section  of  the  foot  of  the  support. 
Elevation  of  the  side  1/12  actual  size. 

PLATE  VIII. 

Sketch  relating  to  the  project  of 
the  submarine  fane. 

Barge  and  arrangement  for  the 
transport  and  fixing  in  posi- 
tion of  the  submarine  fane. 

Projection  of  the  scheme  for  the 
fixing  in  position  of  the  stake. 

Pine. 

Oak. 

Iron. 

Cast-iron. 


Inscriptions  souve7it  repeiees.  Han  fig  wiedevfwllc  Ausdrucke. 


Bras. 

Dessin. 

Pile. 


Mesxires. 


Arm  (eines  Flusses). 

Zeichnnng. 

Pfeiler. 

Maasse. 


Words  frequently  repeated. 

Branch. 
Sketch. 
Pile,  pier. 

Measures. 


1  sagene  =  2,13  m.  =   3  arsjines.       1  Saschenerz  2,13  m.  =  3  Arschinen.     1  sagene  =  2.13  m.  zz    3  arsjines. 
1  arsjine  i=:0,71  m.  t=  16  verchocs.     1  Arschine=i:0,71  „  =  16  Werschok.     1  arsjine  =0.71  m.  =.  16  verchocs. 
I   verchoc  zz  0.0444  m.  1  Werschok  :=z  0,0444  m.  1  verchoc  zr  0.0444  m. 
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Obsenations  on  the  formation  of  the  bottom  of  a  river 
whose  eonrse  is  regohted  by  means  of  dikes  and  dams. 


REPORT 


BY 


NICOLAS  MAESIMOVITCH, 

Ingenieur  des  voles  de  oommunicatlon  k  Kiev. 


The  important  question  submitted  to  the  4*^  section  of  the  sixth  Inter- 
national Congress  at  the  Hague,  respecting  the  relation  which  exists 
between  the  form  of  rivers  and  the  depth  of  their  channels,  demands 
in  the  first  place  a  detailed  and  comparative  study  of  the  various  forms 
of  curves  marking  the  banks  of  the  bed  that  it  is  •  desired  to  regulate. 
In  order  to  reply  to  this  question  it  is  necessary  to  have  the  means  of 
studying  experimentally,  under  conditions  absolutely  identical,  the 
influence  the  form  of  the  course  has  on  the  currents  and  the  forma- 
tion of  the  bottom,  disregarding  all  secondary  influences  exercised  to 
such  an  extent  on  every  river  in  its  natural  state. 

As  regards  the  laying  down  of  general  rules  and,  with  more  reason, 
general  principles  applicable  to  the  movement  of  a  water-course,  along 
a  bank  of  a  given  form,  the  enormous  mass  of  observations  and  facts 
furnished  by  the  study  of  the  disposition  of  currents  in  water-courses  is 
not  yet  sufficient. 

It  is  only  by  a  general  and  complete  study  of  all  the  conditions  of  the 
problem  that  we  shall  perhaps  be  able  to  throw  some  light  upon  this 
difficult  question  of  hydraulics  relating  to  rivers.  Still,  wherever  regula- 
ting works  have  been  carried  out  in  rivers  with  changing  bottoms,  we 
possess  same  observations  and  have  arrived  at  certain  conclusions  con- 
cerning the  formation  and  position  of  bottoms  with  relation  to  the  form 
of  artificial  banks. 

In  Russia  which  is  so  rich   in   water-courses  and   possesses  the  most 


extensive  river  system  in  the  whole  continent  of  Europe,  this  natural 
wealth  has  long  been  neglected  in  consequence  of  the  infatuation  with 
which  the  building  of  railroads  has  been  taken  up,  and  it  is  only  during 
the  last  twenty  years  that  works  for  the  regulation  of  Russian  rivers  and 
the  improvement  of  their  beds  have  been  undertaken,  and  this  has  only 
been  done  in  places  where,  when  the  water  was  low,  shoals  offered 
great  difficulties  to  navigation. 

For  the  last  twelve  years  I  have  been  entrusted  with  the  management 
of  the  improvements  of  a  section  of  one  ofthe  rivers  in  the  south  of  Russia, 
viz.  the  Dnieper  at  Kiev.  The  works  executed,  in  the  course  of  which  it  has 
been  necessary  to  resort  to  the  use  of  dikes  and  dams  for  the  r^ulation  of 
the  bed,  have  led  me  to  form  certain  practical  conclusions  which  in  some 
degree  bear  upon  the  sixth  questiou  of  the  programme  laid  before  the 
Congress  and  which  I  should  like  to  impart  to  my  colleagues  abroad. 
Before  making  known  the  results  of  my  observations  it  is  indispensable 
to  explain  in  general  terms  the  regime  of  the  Dnieper  in  the  neigh- 
bourhood of  Kiev. 

The  Dnieper  is  as  regards  length  the  second  river  in  Europe;  it  takes 
its  source  in  the  centre  of  Russia,  in  the  valleys  situated  south  of  the 
plateau  of  Waldai,  where  it  issues  from  the  small  lake  of  Mehara,  in 
the  midst  of  the  forests  of  the  government  of  Smolensk.  It  flows  from 
north  to  south,  passes  through  the  richest  part  of  Russia  and  falls  into 
the  Black  Sea. 

The  length  of  its  course  is  2262  kilometres;  its  basin  includes  the 
immense  area  of  616000  square  kilometres  with  a  population  of  18  million 
inhabitants.  The  width  of  the  Dnieper  in  its  upper  course  does  not 
exceed  80  m. ;  but  after  receiving  several  affluents  it  increases  and  attains 
an  average  breadth  of  300  to  400  metres.  Flowing  towards  the  south  it 
meets  in  the  neighbourhood  of  Ekaterinoslav  one  of  the  spurs  of  the 
Carpathians,  and,  for  a  distance  of  85  kilometres,  is  obstructed  by  a 
series  of  small  cataracts  or  rapids  which  up  to  the  present  only  rafts 
are  able  to  pass.  The  improvement  of  this  part  of  the  stream  is  at 
present  the  object  of  special  studies  in  the  Ministry  of  Ways  and  Com- 
munications. 

The  most  characteristic  feature  of  the  Dnieper  is  the  extreme  sinuosity 
of  its  course  and  the  facility  with  which  it  changes  the  direction  of  its  bed, 
the  bottom  and  banks  of  which  are  for  the  most  part  sandy.  The  valley 
inundated  by  the  Dnieper  at  the  time  of  spring  floods  is  very  wide,  in 
some  places  as  much  as  15  or  16  kilometres.  In  its  ordinary  state  the 
bed  is  extremely  capricious;  there  are  places  where  it  has  changed  its 
direction  four  times  in  the  course  of  the  last  century.  During  the  spring 
floods  boats  drawing  as  much  as  2.60  m.  can  navigate  upon  it,  while 
when  the  water  is  low,  boats  drawing  at  most  0.80  m.  only  are  able  to 
do  so.  The  difference  in  level  between  the  high  and  low  water,  measured 


by  a  gauge,  amounts  to  7.25  metres.  The  incline  of  the  bed  varies  between 
0.00012  and  0.00008  m.  and  in  cataracts  it  becomes  0.000385  m.,  the 
total  fall  being  190.90  metres. 

The  principal  navigable  affluents  of  the  Dnieper  are  the  Berezina,  the 
Soy,  the  Pripet  and  the  Desna.  The  Pripet  is  connected  by  canals  with  the 
Vistula  and  the  Niemen,  which  both  fall  into  the  Baltic;  finally  the  Bererina 
is  in  communication  with  the  Western  Dwina,  which  falls  into  the  Gulf 
of  Riga.  This  brief  account  shows  the  extreme  commercial  importance  of 
the  Dnieper  and  its  basin.  The  total  extent  of  water  serviceable  for 
rafts  on  the  Dnieper  and  its  affluents  is  almost  12.000  kilometres  and 
that  of  the  navigable  way  5.900  kilometres.  This  river  with  its  affluents 
embraces  all  the  country  between  the  Baltic  and  the  Black  Sea,  uniting 
great  commercial  centres  and  meeting  in  its  course  with  ten  different 
railways. 

The  merchant  fleet  of  the  Dnieper  is  at  present  composed  of  740  barges 
and  boats  and  165  steamboats  and  tugs,  representing  in  tonnage  a 
total  of  180.000  tons. 

The  principal  commercial  ports  and  towns  situated  on  the  Dnieper  are 
Kiev,  Ekaterinoslav  and  Kherson. 

The  relation  between  the  height  of  the  water  according  to  gauge  marks 
and  the  corresponding  discharge,  -determined  by  numerous  measurements 
taken  at  Kiev,  is  represented  approximately  by  the  following  parabola.  Fig.  1. 
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Fig.  1. 


The  figures  on  the  left  of  the  scale  indicate  the  height  of  the  water  in 
metres,  and  the  figures  on  the  right  above  the  horizontal  dotted  lines, 
which  represent  the  abscissae  of  the  parabola,  indicate  on  a  scale  a 
thousand  times  smaller  the  corresponding  discharge. 

The  total  fall  of  the  Dnieper  from  its  source  to  its  mouth  in  the  Black 
Sea  is  190.90  metres,  which  is  distributed  thus :  89.30  m.  from  the  source 
to  Kiev  and  101.60  m.  from  Kiev  to  the  mouth.  The  average  incline  is 
about  0.00008.  The  average  velocity  in  the  transverse  section  of  the 
stream  when  the  water  is  at  a  normal  height  is  0.50  m.  per  second; 
in  the  spring  when  the  water  is  high  it  reaches  1.15  m. 

The  object  of  the  regulating  work,  undertaken  on  the  Dnieper  at  Kiev, 
is  to  rectify  the  irregularities  of  the  current,  which  at  this  point  divides 
into  several  branches,  and  to  collect  the  ordinary  waters  into  one  com- 
mon bed  and  give  them  the  most  advantageous  direction,  viz.  along  the 
quays  of  Kiev. 

Fig.  2.  represents  the  plan  of  the  scheme  formed  for  the  course  of  the 
Dnieper. 
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Fig.  2. 

It  appears  from  this  plan  that  the  Dnieper  in  approaching  Kiev  follows 
a  sharp  curve,  the  concave  side  of  which  is  towards  the  town,  and  which 
does  not  coincide  with  the  shortest  road,  which  is  taken  by  the  water 
in  spring  when  it  can  go  straight  across  the  fore-shore  of  the  submerged 
left  bank.  This  circumstance  combined  with  the  want  of  consistancy 
and  the  extreme  instability  of  the  sandy  bed  and  banks  of  the  river 
has  facilitated  the  formation  of  lateral   branches   and  has  contributed  to 


render  the  current  of  the  river  in  this  place  both  variable  and  inconstant. 
Ancient  plans  and  traditions  that  have  come  down  to  us  show  that  the 
principal  course  of  the  Dnieper  at  a  remote  period  divided  into  two 
branches,  that  on  the  left  named  Tchertoroi  and  that  at  the  right  named 
Starik,  while  on  the  bank  where  the  town  Kiev  is  built  there  was  a 
series  of  sand  banks  and  shoals  which  reached  as  far  as  the  hills  of  Kiev 
where  the  Potchaina  fell  into  the  Dnieper,  that  little  historical  river  in 
which  under  Saint  Vladimir  the  Russian  people  was  baptised. 

In  proportion  as  the  town  developed  the  inconveniences  resulting 
from  its  distance  from  the  navigable  branches  of  the  river  made  them- 
selves felt  and  at  various  times  the  inhabitants  found  themselves  obliged 
to  take  measures  to  draw  the  principal  current  of  the  stream  within  the 
neighbourhood  of  the  town.  For  this  purpose,  according  to  the  tradition, 
vessels  laden  with  stones  were  sunk  at  the  entrance  to  the  Tchertorai, 
which  reduced  the  bed  of  this  branch  and  made  a  considerable  portion 
of  its  waters  flow  into  the  right  branch  and  towards  the  town.  But  it 
also  happened  that  in  the  spring  the  high  water  overflowed  on  the  side 
of  town  the  banks  upon  which  some  houses  had  been  built  here  and 
there  without  protection ;  then  the  inhabitants  thought  of  turning  the 
principal  current  into  the  Tchertorai  branch  and  some  canals  were  even 
dug  with  this  object. 

These  works  were  only  recommenced  in  our  century.  Between  1840 
and  1860,  Kliev  having  become  by  the  wish  of  the  Emperor  Nicolas  I 
an  important  centre,  from  a  military,  administrative  and  commercial  point 
of  view,  of  the  vast  and  rich  region  of  the  south  west  of  Russia,  the 
imperial  treasury  assigned  several  millions  of  roubles  for  the  construction 
of  certain  immense  buildings  for  various  military  and  civil  administrations  : 
at  the  same  time  it  was  decided  to  build  a  fixed  bridge,  on  the  system 
of  bridges  suspended  by  chains,  across  the  Dnieper.  It  is  also  at  this 
time  that  the  state  commenced  the  first  works  intended  for  the  improve- 
ment of  the  Dnieper  at  Kiev. 

In  order  to  carry  away  the  alluvial  soil  which  had  been  deposited  in 
the  principal  bed  and  to  direct  the  course  of  the  current  it  was  resolved 
in  1842  to  dam  the  Tchertorai  in  the  place  where  it  separates  from  the 
Dnieper  and  to  direct  its  waters  into  the  principal  branch  (1).  At  the 
same  time  a  plan  was  formed  to  protect  the  bank  on  the  side  of  the 
town  and  to  build  a  quay  to  enable  vessels  to  land  their  cargoes  with 
ease.  These  works  were  completed  between  1860  and  1860.  Nevertheless 
the  Tchertorai  was  not  at  that  time  completely  dammed  up  by  the  dike 
of  fascines  at  its  entrance.  For  fear  of  sending  all  the  water  together,  at 
its  mean  height,  towards  that  bank  that  was  not  yet  protected,  an  opening 
of  about  60  m.   was  made  in  the  dike.  But  the  complete  closing  of  the 


(i)  V.  Plate  I. 
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Tchertorai  was  especially  advocated  by  the  English  engineers,  VignoUe 
at  their  head,  who  were  then  by  virtue  of  a  contract  with  the  Russian 
Government  building  in  stone  the  piers  of  the  suspension  bridge  below 
the  quay  of  the  town. 

Whether  it  was  with  the  idea  of  facilitating  the  construction  of  the 
piers,  which  was  effected  within  a  cofiFer-dam  emptied  by  means  of  a 
pump,  or  in  consequence  of  an  insufficient  knowledge  of  the  rigime  of 
the  river  or  a  lack  of  exact  data  for  calculating  the  spans  of  the  bridge, 
in  building  it  the  English  engineers  committed  two  great  mistakes,  the 
consequence  of  which  has  been  an  organic  irregularity  in  the  distribution 
of  the  spring  waters  at  Kiev,  a  circumstance  which  we  are  obliged  now 
to  rectify  with  great  difficulty.  The  first  mistake  was  in  prolonging  the 
suspension  bridge  by  an  insubmersible  paved  dike,  by  making  three 
openings  in  this  dike  (in  all  four  with  that  of  the  suspension  bridge) 
and  covering  these  openings  with  wooden  bridges  with  struts  on  piles  (2). 
These  wooden  bridges  on  piles  being  in  the  direct  course  of  the  spring 
high  waters  frequently  when  ice  descended  the  river  became  damaged  and  it 
was  necessary  continually  to  rebuild  them.  The  opening  of  the  suspension 
bridge  was  about  680  m.,  while  the  total  width  of  the  three  openings 
amounted  to  900  m.  This  insubmersible  paved  dike  was  about  8  km. 
long,  while  the  width  of  the  valley  inundated  in  front  of  Kiev  and 
above  the  dam  in  spring  was  as  much  as  8  or  12  km.  and  the  high 
water  then  rose  2  or  3  m.  above  the  banks  and  all  the  islands. 

The  English  engineers  committed  a  second  mistake  by  laying  the 
concrete  foundations  of  the  piers  of  the  suspension  bridge  at  different 
depths  and  by  allowing  themselves  to  be  guided  by  the  form  of  tJie 
bottom  as  it  existed  at  the  time.  The  result  of  this  has  been  that  while 
the  foundations  of  the  three  piles  on  the  right  were  placed  10.80  m.  below 
the  level  of  the  summer  waters,  the  two  piers  on  the  left  were  built  on 
piles  driven  into  the  bottom  and  cut  ofi  at  the  level  of  the  summer 
waters.  The  character  of  the  hollows  under  the  arches  of  the  bridge 
soon  began  to  change  and  changed  in  an  inverse  sense.  In  the  right 
hand  arches  the  bottom  commenced  to  rise,  while  it  continued  to 
get  deeper  in  the  left  hand  arches.  This  circumstance  aroused  fears  as  to 
the  safety  of  the  piers  and  required  serious  measures  for  the  strength- 
ening of  the  bottom  around  the  piling  which  protected  the  con- 
crete foundations  of  the  piers.  Finally  in  the  spring  of  1877,  during  an 
extraordinary  rise  of  the  river,  the  second  in  importance  during  our 
century,  the  wooden  bridges  of  the  dam  were  once  more  carried  away, 
and  in  the  opening  left  by  the  largest  of  them  named  the  Roussanovsky 
bridge,  470  m.  long,  a  new  bed  was  formed,  into  which  the  current  of 
the  stream  precipitated  itself,  leaving  the  fixed  suspension  bridge. 

(2)  v.  Plate  II. 


The  increase  in  speed  of  the  high  water  in  the  two  branches,  the 
Tchertorai  and  the  Roussanovska,  endangered  the  existence  of  the  single 
dam  across  the  Tchertorai.  This  dam,  although  it  was  then  completely 
closed,  continually  sustained  injuries,  either  from  ice  or  from  the  violence 
of  the  floods;  finally  during  the  winter  of  1882  it  became  undermined 
on  the  righthand  side  of  its  base,  and  the  current  of  the  Dnieper  again 
precipitated  itself  with  extreme  violence  into  the  Tchertorai  and  the 
Roussanovka,  abandoning  the  quay  of  Kiev  and  the  fixed  bridge. 

All  these  changes  in  the  Dnieper  in  consequence  of  the  construction 
of  the  suspension  bridge  showed  the  necessity  of  regulating  the  course 
of  the  stream  at  Kiev,  of  closing  the  superfluous  openings  in  the  paved 
dike  and  bringing  back  the  principal  current  to  the  quay  of  the  town 
and  under  the  fixed  bridge. 

In  1883  a  project  was  formed  for  the  regulation  of  a  section  of  the 
river  commencing  above  and  finishing  below  Kiev.  This  section  which 
measures  about  20  km.  in  length  begins  with  the  confluence  of  the 
Desna,  which  falls  into  the  Dnieper  10  km.  above  Kiev,  and  is  limited 
down  stream  by  the  railway  bridge  of  the  line  between  Koursk  and  Kiev. 

Thus  the  problem  of  regulating  the  stream  at  Kiev  had  not  for  its  object, 
as  is  ordinarily  the  case,  the  creation  of  a  navigable  channel  by  means 
of  dams  and  dikes,  but  an  end  far  more  difficult  to  attain,  viz.  to  unite 
the  ordinarv  waters  of  all  the  lateral  branches  into  one  and  the  same  bed, 
direct,  regulate  and  fix  this  current  along  the  quay  that  already  existed, 
reconciling  all  the  above  conditions  with  the  necessity  of  making  this 
current  pass  under  the  suspension  bridge,  as  this  was  the  most  advan- 
tageous direction  for  it  to  take. 

The  system  adopted  was  a  mixed  system,  consisting  of  leading 
dikes,  works  along  the  banks  and  submerged  cross  dams.  The  top  of 
the  works  constructed  in  the  bed  of  the  river  rises  to  the  line  where  vege- 
tation ceases,  which  is  1.40  m.  above  the  summer  waters;  they  are  built 
of  sunken  fascines,  laid  in  some  places  after  the  Dutch  method  in  the 
form  of  a  fan  and  in  others  according  to  the  manner  employed  by  the 
Germans  and  Poles  on  the  Vistula. 

The  following  has  been  the  order  adopted  for  the  execution  of 
these  works  which  have  been  carried  out  according  to  their  relative 
importance  and  the  sums'  set  apart  each  year  for  the  purpose.  First  a 
leading  concave  dike  was  built  in  front  of  the  old  dam  across  the 
Tchertorai  in  order  to  dam  up  durably  the  principal  lateral  branch  of  the 
Tchertorai ;  dams  were  next  built  in  the  lateral  branches  in  order  to  raise 
the  bottom  and  unite  their  waters  in  one  single  bed  under  the  suspen- 
sion bridge.  In  the  Desenk,  which  branches  ofi*  from  the  Desna  and  falls 
into  the  Tchertorai,  a  dam  of  fascines  in  the  form  of  a  dike  was  raised 
at  its  point  of  origin  with  an  opening  to  let  out  a  portion  of  the  water 
and  matter  brought  down  by  the  current  so  that  this  branch  might 
be  blocked  up  as  soon  as  possible. 
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Besides  the  works  laid  down  in  the  bed  of  the  river  a  series  of  dikes 
has  been  formed  along  the  banks  to  stop  up  the  deep  hollows  and 
secondary  canals  which  cut  through  a  lai^e  number  of  islands  between 
the  principal  branches  of  the  Dnieper. 

The  results  of  the  regulating  works  at  Kiev  have  exhibited  the  following 
phenomena : 

1.  The  three  openings  of  the  bridge  formed  by  the  paved  dike  have 
been  filled  up,  and  I  would  add  that  of  the  900  m.  which  formed  their 
total  length,  700  m.  are  now  closed  by  embankments,  so  that  there  is  left 
for  the  river  besides  the  passage  of  the  suspension  bridge  only  a  narrow 
side-opening  of  200  m.  at  the  left  hand  extremity  of  the  dike. 

2.  All  the  ordinary  waters  of  the  Dnieper  are  collected  into  one  bed 
and  are  directed  towards  the  quay  of  Kiev;  at  the  same  time  the  bed 
has  assumed  a  more  regular  character,  although  it  is  not  yet  sufficiently 
constant. 

3.  A  sufficient  depth  has  been  obtained  and  a  free  access  for  vessels  to 
the  quay  of  the  town. 

4.  We  have  succeeded  in  giving  to  the  current  which  passes  under 
the  Nicholas  suspension  bridge  a  course  both  regular  and  advantageous 
as  far  as  regards  the  strength  of  the  piles. 

Having  thus  given  some  account  of  the  works  on  the  Dnieper  in 
front  of  Kiev,  we  will  now  describe  the  phenomena  of  the  scouring  of 
the  bottom  and  the  banks  which  has  taken  place  in  the  principal  bed 
of  the  river,  where  as  I  said  above,  all  the  ordinary  waters  of  the  dammed 
up  lateral  branches  have  been  gathered  together.  In  the  form  of  the  banks 
of  the  regulated  bed  we  have  been  guided  by  the  general  law  of  alter- 
nate concavities  and  convexities.  The  normal  width  of  the  bed  at  Kiev, 
calculated  according  to  the  formula  of  Ganguill6  and  Coutteb,  was 
found  to  be  350  m. ;  but  this  figure  is  as  a  matter  of  fact  too  large, 
for  in  the  portions  of  the  river  contiguous  to  the  regulated  part,  in 
which  the  bed  has  in  certain  places  natural  and  very  regular  concavities 
and  at  the  same  time  sufficient  constancy,  the  width  of  the  stream  does 
not  exceed  300  m.  The  curves  which  in  these  places  limit  the  bed  of 
the  river  are  very  different  in  form  as  well  as  in  radius.  These  dif- 
ferences are  such  that  it  is  impossible  to  deduce  from  them  any  general 
conclusions  with  regard  to  the  law  of  their  formation.  Among  the 
engineers  who  have  during  the  last  few  years  studied  the  problem  of 
the  influence  of  the  form  of  rivers  on  the  depth  of  their  beds,  we  owe 
the  most  valuable  conclusions  to  the  celebrated  French  engineer  M.  Fargub, 
who  has  among  Russian  engineers  an  authority  equal  to  his  reputation. 
The  results  that  he  has  obtained  on  the  Garonne,  where  he  has  applied 
the  rules  and  conclusions  which  the  scientific  study  of  the  question  has 
led  him  to  form,  have  fully  confirmed  the  correctness  of  his  views  and 
furnish  us  with  one  of  the  best  and   most  fortunate   examples   of  the 


regulating  of  a  river  with  an  unstable  bottom.  The  principal  rules  laid 
down  by  M.  Fabque  with  respect  to  water-courses  with  unstable  bottoms, 
deduced  from  his  observations  on  the  Garonne,  are  applicable  in  a 
general  way  to  all  rivers  of  the  same  class.  Thus  on  the  Dnieper 
also  the  regions  of  deep  and  shallow  water  in  most  cases  are  found  below 
the  apex  of  the  curve  and  the  point  were  the  directioa  changes,  and  the 
curvfttore  of  the  apex  always  determines  the  depth  of  the  hollow. 
To  reduce  the  net  coat  of  the  work  while  regulating  as  well  as  might  be 
the  course  of  the  waters  gathered  into  one  single  bed  along  the  town  of 
Kiev,  the  concave  curves  were  traced  as  nearly  as  possible  after  the 
natural  form  of  the  banks,  only  the  most  marked  irregularities  of  which 
were  rectified.  A  form  of  bed  was  thus  obtained  more  or  less  softened  by 
concave  banks  in  suitably  chosen  arcs  of  a  circle,  avoiding  sudden  changes 
in  the  radius  of  the  curve  in  the  junction  of  two  consecutive  arcs  of 
a  circle.  The  length  of  the  curved  lines,  counted  ^m  the  apex  of  the 
concavity  of  one  of  the  banks  to  the  beginning  of  the  concavity  of  the 
opposite  bank,  varies  between  3000  and  3500  m.  The  project  had  first 
been  formed  in  1882  to  give  to  the  opposite  convex  bank  a  direction 
parallel  to  that  of  the  concave  bank,  but  soon  after  commencing 
work  it  was  perceived  that  in  the  place  where  the  curve  turned  the 
channel  lacked  stabiUty.  At  this  point  the  current,  not  being  affected  by 
the  steady  flow  observable  in  the  concavities,  spreads  out  and  becomes 
dispersed  and  in  order  to  secure  a  channel  of  the  requisite  depth 
in  these  portions,  it  appeared  necessary  to  contract  the  bed    by  bringing 
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the  banks  nearer  together.  Thua  350  m.,  determined  by  calculation  to  be 
the  normal  width  to  be  given  to  the  regulated  bed,  on  the  hypotheeis 
of  a  mean  speed  at  the  bottom  eufHcient  to  prevent  the  formation  of  sand 
depoBita  —  a  speed  which  under  the  local  conditions  ought  to  be  about 
0.35  m.  —  was  found  to  be  loo  high  a  figure  for  the  places  where  the 
change  in  direction  is  met  with.  The  formation  of  a  channel  having  a 
serviceable  section  with  a  constant  depth  could  not  be  obtained  in 
these  places,  in  spite  of  the  contraction  of  the  natural  bed  by  building 
dikes  in  front  of  one  of  the  banks.  We  have  a  striking  example  of  this 
in  the  place  where  the  channel  passes  by  the  quay  of  the  town.  Before 
the  regulating  of  the  bed  the  form  of  the  hollows  in  this  region,  at  the 
summer  level  of  the  water,  was  as  shown  in  tig.  3. 

After  building  groins  of  fascines  in  front  of  the  left  bank  and 
decreasing  the  width  of  the  lied  to  350  m.,  the  dimensions  indicated  by 
the  theory,  an  arrangement  of  depths,  as  indicated  in  fig.  4,  was  after  a 
while  obtained. 


Fig.  4 

Moreover  the  stream  divided  in  a  manner  which  formed  in  the  middle 
of  the  bed  a  slight  ahoal  which  the  currents  go  round  to  unite  i^ain  along 
the  qnay  of  the  town,  where  sufficient  depth  for  navigation  is  obtained. 
To  lessen  the  change  of  direction  in  the  channel  at  the  point  in  question 
where  the  bed  turns  in  above  the  quay  of  the  town,  it  is  now  proposed 
to  bring  the  two  banks  within  240  m.  of  each  other. 
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The  usual  phenomeDon  of  the  formation  of  hollowa  along  concave 
banks,  which  is  explained  by  the  crossing  and  accelerated  movement  of 
the  currente,  depends  especially,  according  to  the  obBervations  made  upon 
the  Dnieper,  on  the  discharge  of  the  river;  this  is  never  constant  and 
in  the  spring,  aa  has  been  said  above,  increases  in  the  proportion  of  1 
to  40  or  more  —  the  ratio  between  the  discharge  of  the  river  and  the 
amount  of  water  in  summer.  We  have  also  remarked  that  the  greatest 
depths  corresponding  to  the  concave  banks  are  almost  always  found,  not  al 
the  apex  of  the  concave  curves  (which  in  our  river  are  formed  by  arcs 
of  a  circle),  but  at  a  dwlance  oj  '/s  '•'■  Vs  below  this  apex,  and  depend 
both  on  the  length  and  radius  of  the  curve. 

With  regard  to  the  seventh  question  brought  before  the  Congress,  viz. 
the  regulating  of  rivers  at  low  water,  there  can  be  no  doubt  as  to  its 
possibility  and  it  is  actually  managed  on  the  majority  of  our  rivers  in 
Russia,  provided  in  the  £irst  place  that  the  season  of  low  waters  presents 
the  greatest  difficulty  to  navigation  and  that  this  situation  continues 
throughout  the  greater  portion  of  the  time  that  navigation  lasts.  The 
principal  obstacle  is  caused  by  the  fact  that  on  the  greater  number  of  our 
rivers  it  is  impossible  to  regulate  the  spring  currents.  Russian  rivers  for  the 
most  part  flow  through  plains  and  being  fed  in  the  spring  by  the  waters 
produced  by  the  melting  of  the  snow  which  covers  vast  areas,  they  have 
formed  very  wide  and  flat  valleys  of  inundation  which  often  reach  a 
width  iif  10  or  12  km.  The  bottom  of  these  valleys  is  generally  composed 
of  pure   alluvial   sand,   which  is  very  unstable  and  reaches  according  to 
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soundings  to  a  depth  of  30  m.  and  more.  After  the  spring  waters  have 
passed  the  course  of  the  river  commences  to  be  unsettled,  forming  a  large 
number  of  curves  and  bends,  in  which  the  water  moves  in  a  direction 
which  not  only  does  not  coincide  with  that  of  the  spring  waters,  but 
which  is  frequently  at  right  angles  to  it.  Examples  similar  to  that  repre- 
sented in  fig.  5  are  not  rare. 

Under  these  conditions  the  dikes  raised  to  regulate  the  bed  of  the 
ordinary  waters  may  at  the  high  water  season  produce  directly  contrary 
effect  by  facilitating  the  deposit  of  matter  brought  down  in  great  quanti- 
ties by  the  swollen  waters.  Thus,  according  to  the  measurements  made 
by  us  on  the  Dnieper,  the  quantity  of  solid  matter  brought  down  in  the 
space  of  24  hours  by  the  spring  floods  amounts  to  150,000  cub.m. 

This  circumstance  added  to  the  greatness  ofour  rivers  and  the  enormous 
destructive  power  of  the  ice  when  it  breaks  up,  which  occurs  twice  a 
year  and  little  by  little  destroys  our  works,  singularly  complicated  the 
problem  of  regulating  the  river  ways  of  Russia.  But  the  greatest 
of  the  evils  to  which  Russian  rivers  are  subject  is  the  formation  of 
masses  of  ice  in  their  beds.  In  certain  circumstances,  the  concurrence 
of  which  it  is  impossible  to  foresee,  enormous  massed  of  floating  ice  often 
having  a  thickness  of  about  0.80  m.  and  an  area  of  1000  to  10000  sq.m. 
pile  one  on  another,  obstructing  the  stream  and  thereby  obliging  the 
current  arrested  by  this  bar  of  ice  to  open  for  itself  a  new  bed .  by 
ploughing  up  the  bottom  and  the  banks  in  the  most  irregular  manner. 
Such  unfavourable  conditions  do  not  deter  Russian  engineers  from  attemp- 
ting to  improve  the  rk/ime  of  their  rivers,  principally  in  those  regions 
where  navigation  meets  with  the  greatest  difficulties  from  the  raising  of 
the  bed  of  the  channel.  Succesful  examples  of  this  partial  regulation  of 
difficult  passages  in  our  rivers  have  of  late  years  become  more  plentiful. 
It  goes  without  saying  that  in  modifying  thus  the  incline  of  a  certain 
portion  of  the  section  regulated,  great  care  is  taken  not  to  injure  the 
regime  of  the  neighbouring  sections.  This  kind  of  work  being  still 
in  our  country  of  recent  date  it  follows  that  we  have  at  present  hardly 
any  observations  capable  of  enriching  science,  but  we  are  not  without 
hqpe  of  collecting  materials  of  value,  which  may  be  capable  of  solving 
various  questions  relating  to  the  improvement  of  the  regime  of  water- 
courses, and  perhaps  at  some  future  Congress  our  colleagues  will  find 
some  interest  in  the  observations  which  we  shall  have  to  lay  before  them. 

(Tmnslated  by  Francis  A.  Oliver.) 
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THE  REGULATION  OF  RIVERS  AT  LOW  WATER 


BY 


Herr  SEIDEL, 

Inspector  of  Hydraulic  'Works,  Memel. 


During  the  last  ten  years  the  conditions  favourable  to  navigation  on  the 
great  rivers  of  north  Germany  have  been  sensibly  improved  in  proportion  as 
the  methodical  regulation  of  them  has  been  effected.  These  improvements 
have  been  carried  out  for  the  benefit  of  the  districts  through  which  they  flow 
and  of  the  navigation  on  their  waters  by  fixing  the  banks  according  to  the 
corrected  form  of  the  watercourses  and  by  regulating  their  width. 

The  width  normalised  by  groins  and  in  certain  places  by  protected  banks 
or  parallel  dams  has  been  fixed  in  default  of  a  scientific  basis  from  such 
hydrological  observations  as  it  has  been  possible-  to  make.  The  works  have 
been  carried  to  about  mean  waterlevel. 

The  contraction  of  the  channel,  has  provoked  the  deepening  of  river-beds 
and  scouring  of  the  bottom.  For  this  scouring  action,  while  increasing  the 
depth  need  not  completely  but  only  in  some  measure  replace  the  surface 
that  has  been  reduced  in  order  to  give  the  same  volume  of  discharge 
because  the  latter  increases  with  the  increase  in  depth.  The  raising  of 
the  surface  and  swelling  produced  at  first,  a  result  which  it  would  appear 
desirable  to  suppress  and  which  requires  a  greater  velocity  and  more  energetic 
scouring  action,  will  cease  for  the  most  part  in  course  of  time  after  the  inclines 
have  become  equalised  and  a  new  state  of  equilibrium  has  been  established, 
especially  as  by  reason  of  the  scouring  the  depth  will  every  where  become 
greater. 

The  method  of  regulating  according  to  a  fixed  plan  adopted  up  to  the 
present  has  not  always  been  sufficient  and  the  results  have  not  always  been 
complete;  it  remains  for  technical  knowledge  to  improve  the  situation  with 
respect  to  commerce,  wherever  the  need  may  be  felt,  by  regulating  the  navi- 
gable ways  and  transforming  the  bed  of  the  river  in  such  a  manner  that  the 
channel  may  offer  throughout  its  length  a  sufficient  width  and  regular 
depth,  which  even  at  a  low  water  level  or  at  the  lowest  water-level  may  allow 


boats  of  ordinary  size  to  navigate  when  fully  laden.  This  end  can  only 
be  attained  by  regulating  the  transverse  section  in  proportion  to  the  quan- 
tity of  water  available,  to  the  velocity  of  the  current  (that  is  in  proportibn  to 
the  incline,  which  changes  little)  and  to  the  depth.  Other  reductions  of  the 
width  of  the  summer  bed  need  not  be  effected  except  when  the  usual  correc- 
tion is  inadequate  and  the  dimensions  chosen  are  found  to  be  too  large.  The 
actual  decrease  in  the  transverse  section  from  the  mean  to  the  low  water-level 
by  means  of  the  talus  in  use  does  not  correspond  to  that  of  the  volume  of 
water  necessary  to  give  a  sufficient  depth.  As  an  example  we  may  mention 
the  conditions  of  the  Elbe  between  Tangermtmde  and  the  month  of  the 
Havel  where  the  normal  width  is  not  so  great  as  below  the  Havel. 

The  figures  for  the  dimensions  established  have  been  borrowed  from  the 
„Report  on  the  rivers  Memel.  Weichsel,  Oder,  Elbe  and  Rhine,  drawn  up  by 
order  of  the  Minister  of  Public  Works,  Berlin  i888",  and  refer  to  the  mean 
and  low  water-levels. 


No. 

Water-level. 

Height  above 

the  natum  line 

at  Sandau. 

Discharge. 

Width 

Area  of 
Section. 

(v)Mean 
Velocity 

(t)  Mean 
Depth. 

1 
2 

Mean. 
Low. 

2,26  m. 
0,59  m. 

405  cu.m. 
107  cu.m 

'1 
188  m. 

178  m. 

51 7,5  sq.m. 
212  sq.m. 

0,90  m. 
0;50m. 

2,75  m. 
1,19  m. 

According  to  the  formula  for  the  velocity 

V  =-  c  ViRl 
or 

V  =  c  V~TY 

the  diflference  between  the  velocity  at  mean  water-level  and  the  velocity  at 
low  water-level  when  all  other  conditions  remain  the  same,  is  in  the  following 
proportion : 


V. 


V, 


2 


=  "1/  /i  :  1/  /2. 


For  V2  o,59  m.  may  be  substituted. 

If  a  formula  deduced  from  the  hydrometric  observations  taken  on  the  Elbe 
in  1885  be  taken  viz. 

V  =  46,91  |^T~—  i/T" 
it  will  be  found  that 

i)^  =  0,68  m. 
The  actual  decrease  of  v^  to  0.50  m.  is  too,  great;  the  condition  of  the 
river  at  mean  water-level  and  at  lower  level  does  not  sufficiently  affect  the 
formation  of  a  regular  transverse  section.  A  satisfactory  formation  of  the 
transverse  section  will  be  more  readily  effected  by  means  of  the  dams  pro- 
posed in  the  first  place  for  the  consolidation  of  the  ends  of  the  groins.  At 
present  the  latter  do  not  regulate  the  form  of  the  bed  suitably  to  the  discharge, 


because    they    are  too  deep  below  low  water-level  and  fall  away  too  abruptly 
and  are  not  long  enough. 

By  making  a  more  radical  change  in  the  form  of  the  river,  the  discharge, 
and  at  the  same  time  the  force  of  the  current,  may  be  gathered  into  a 
narrow  channel  which  should  regularly  decrease  in  width  from  the  mean 
water-level  downwards. 

The  question  then  rises  upon  what  system  is  the  new  form  to  be  given 
to  the  river  to  be  based,  whether  sunken  groins  should  be  constructed  to 
establish  the  new  conditions,  or  whether  training  walls  should  be  built  along  each 
bank  or  along  only  one  bank  with  groins  at  given  distances,  as  proposed  by 
M.  Franzius,  Director  of  Hydraulic  Works  at  Bremen  (v.  Centralblati  der 
Bauverwaltung  for  1893,  N^  i). 

Before  comparing  the  two  methods  with  regard  to  their  probable  effect  on 
the  flow  and  bed  of  the  river,  it  is  necessary  to  make  some  remarks  upon  the 
construction  and  use  of  sunken  groins  and  of  leading  dams. 

For'  the  entire  transformation  of  the  river-bed  one  is  naturally  inclined  to 
choose  the  well  tried  system  of  groins,  copying  as  far  as  possible  a  form  of 
bed  which  resembles  the  profile  it  is  desired  to  give  to  the  river  in  question. 
Sunken  groins  must  therefore,  in  places  where  stone  is  used  for  their  construc- 
tion and  the  cost  is  moderate,  be  built  of  stone  with  an  incline  which  expe- 
rience will  indicate.  When  they  are  made  of  wood,  that  is  to  say  at  low 
levels,  fascines  will  be  used  which  will  be  sunk  by  placing  stones  upon  them. 

Sunken  groins  of  wood  will  have  a  width  on  the  top  of  the  ordinary  length 
of  a  fascine,  that  is  5  or  6  m.  and  the  incline  will  be  as  gradual  as  possible, 
especially  down  stream,  so  as  to  resist  the  action  of  the  water.  In  the  same 
way  the  ends  are  widened  and  consolidated  with  a  level  talus  and  with  bot- 
tom ridges.  When  stone  is  used  the  leading  dams  should  be  made  of  broken 
stones;  the  incline  and  dimensions  given  to  these  dams  will  be  indicated  by 
experience,  while  for  the  fascine  work  there  must  be  stone  work  to  sink  it  of 
the  height  and  width  which  experience  has  recognised  to  be  correct,  where 
the  river-bed  is  about  the  same  height  as  the  bed  of  the  low  water-level 
should  be  after  the  work  has  been  finished;  this  will  be  the  case  in  the  tran- 
sition from  one  curve  to  another.  To  counter-act  the  effect  of  the  current 
leading  dams  must  be  constructed  with  fascine  work  with  weights  to  keep  it 
down  at  their  base  or  upper  part  if  rubble  walls  alone  cannot  be  erected; 
Eddies  should  be  suppressed. 

Cross-works  at  present  connected  with  inclined  groins  at  various  distances 
from  one  to  another  and  joined  to  about  every  3'*^  or  4*^  one  may,  when  the 
attack  of  the  water  is  less,  be  also  formed  of  stone;  when  the  action  of  the 
water  is  more  violent  they  must  be  made  of  pile-framing  and  fascine  work  and 
a  level  talus  must  always  be  on  the  down  stream  side.  They  have  like  sunken 
groins  a  covering  of  fascines  which  can  be  easily  repaired  when  damaged.  A 
width  of  5  or  6  m.  at  the  top  may  be  considered  sufficient,  while  the  top  of 
training    walls  is   2    or  3    m.    wide  and  a  simple  talus  on  each  side  is  enough. 


Supposing  the  river-bed  at  low  water  should  have  a  depth  of  1.5  m., 
the  training  walls  should  have  a  height  of  i  m.,  at  the  most  of  1.5  m.,  the 
foundations  which  sink  into  the  ground  being  taken  into  account,  for  the  top 
of  them  is  taken  at  about  0.50  m.  below  low  water-level  and  the  bed  slopes 
towards  the  centre.  The  cross  works  end  at  the  height  of  the  leading  dams 
and  gradually  mount  to  the  level  of  the  inclined  groins ;  they  entail  a  continual 
increase  in  the  transverse  section.  The  mud  collected  by  the  dredging  of  the 
channel  should  be  deposited  between  the  leading  dams  and  the  fore-shore 
behind  the  cross  works  in  order  to  increase  their  power  of  resistance.  For  in 
the  case  of  the  river-bed  being  too  rough  it  is  always  necessary  to  have 
recourse  to  dredging  to  assist  the  function  of  the  works  and  to  counteract 
the  too  energetic  action  of  the  water. 

The  ideal  cross  section  would  be,  after  the  intervals  have  been  filled  up,  a 
continuous  progression  corresponding  to  the  discharge  from  the  low  water-level 
up  to  the  mean  level,  which  in  the  curves  would  be  found  only  on  the 
convex  side. 

The  position  of  the  training  walls  on  both  shores  in  straight  parts  is  easily 
fixed.  The  direction  of  the  current  regulates  them  in  the  transition  from  one 
curve  to  another;  they  will  be  parallel  to  the  direction  of  the  current,  and 
not  to  the  direction  of  the  original  course. 

The  passages  which  are  not  arranged  according  to  the  general  formation  of 
the  bed  of  the  channel  disappear.  In  the  curves  a  greater  breadth  must  be 
given  than  in  the  straight  portions,  for  in  curvesthe  velocity  of  the  current  is  less 
and  it  is  necessary  to  resist  the  force  of  the  current,  which  is  tending  to 
undermine  the  concave  bank  and  injure  the  works.  Naturally  the  leading 
dams  are  not  placed  here  at  a  great  depth;  the  action  of  the  water  against 
the  groins  should  be  avoided  by  gradually  rising  ridges  and  by  raising  the 
bed    of  the  river. 

In  order  to  increase  the  action  of  the  groins  the  sand  l3nng  in  fi-ont  of  the 
concave  banks  is  dredged.  As  regards  the  concave  banks  the  adjusting  of 
them  to  the  mean  water-level  is  generally  to  be  recommended,  after  the  ridges 
have  been  constructed,  for  the  sake  of  navigation.  In  this  case  the  corrected 
shore  lines  for  the  mean  and  low  water-levels  coincide. 

The  system  to  be  adopted  for  the  regulation  at  mean  water-level  should 
correspond  to  the  actual  conditions.  In  river-beds  that  have  been  made  too 
wide  for  the  low  water-level,  the  material  of  the  bottom  and  especially  the 
sand  which  is  put  in  movement  by  the  high  waters  are  deposited  as  the  water 
goes  down  when  the  velocity  of  the  current  is  no  longer  sufficient  to  keep 
it  moving.  During  high  floods  by  their  displacement  they  increase  the  trans- 
verse sections. 

These  conditions  are  met  with  on  the  Elbe  below  the  Havel,  while  on  the 
contrary  the  Memel  is  very  much  reduced  at  low  water.  Falling  water  must 
always  make  a  deeper  channel  on  account  of  its  bed  being  higher  and  wider. 
This  happens   especially  when   the   level  of  the  water  falls  gradually  and  the 


river  bed  is  full,  whereas  a  less  depth  is  formed  by  a  more  rapid  fall.  Either 
the  channel  or  the  course  of  the  river  remain  always  in  the  same  position 
between  the  banks  in  those  places  where  the  cross-section  is  not  too  large 
and  where  the  construction  of  the  bed  is  solid,  as  on  the  Elbe  above  Havel ; 
or  the  sand-banks  are  moving  irregularly  in  a  down  stream  direction  and  are 
even  thrown  upon  the  least  curved  concave  banks,  as  is  the  case  on  the  Elbe 
below  the  Havel.  In  both  cases  the  low  water  channel  oscillates  between 
the  banks  from  one  side  to  the  other  and  the  shallows  in  the  navigable  channel 
are  found  between  two  successive  sand-banks.  These  regions  determine  the 
available  depth  and  render  useless  places  where  the  depth  is  greater.  When 
the  water  subsides  and  is  at  its  lowest,  the  number  of  passages  of  this  class 
is  generally  getting  larger,  the  channel  becomes  longer,  the  course  of  the 
river  more  sinuous,  the  fall  less  and  the  effective  force  of  the  current  more 
feeble.  The  quantity  of  water  spreads  over  the  layers  of  sand  that  have  been 
deposited  and  which  do  not  dry  and  cross  currents  are  formed;  part  of  the 
water  falls  over  the  sand  in  a  sidelong  course  and  does  harm  its  scouring 
action  in  consequence  of  the  loss  of  force  that  it  entails. 

The  capricious  changes  in  the  channel  when  the  water  rises  and  falls  and 
the  deposits  of  various  forms  should  be  avoided,  care  being  taken  to  prevent 
the  formation  of  cross  currents  and  to  consolidate  the  bed.  The  construction 
of  groins  at  a  low  level  would  no  doubt  cause  to  appear  a  number  of  difficulties 
which  while  only  works  at  a  mean  level  are  used  and  the  beds  are  less  confined, 
do  not  present  themselves  and  cause  no  harm;  but  a  closer  examination  of 
them  would  decide  against  the  exclusive  use  of  them.  The  partial  abandon- 
ment of  isolated  works  at  a  low  level  and  the  adoption  of  leading  walls,  or 
according  to  this  system  the  connecting  of  the  ends  of  the  sunken  groins 
placed  farther  apart  by  means  of  leading  walls,  entails  a  method  of  con- 
struction different  to  that  at  present  in  use.  Before  preferring  one  method  to 
another  it  is  essential  to  compare  the  probable  influences  of  the  two  systems 
and  to  consider  the  different  advantages  and  defects  that  they  possess. 

Leading  dams  at  a  low  level  on  each  side  only  settle  the  question  of  the 
regulation  of  the  discharge  at  low  water;  a  succession  of  side-walls  is  less 
violent  in  its  influence  than  isolated  works;  there  is  less  loss  of  force  at  the 
side  of  the  stream,  and  therefore  the  average  velocity  is  greater,  the  scouring 
action  and  the  effective  force  more  energetic.  Also  when  the  level  rises  the 
leading  dams  determine,  as  for  as  regards  the  greater  volume  of  the  water, 
the  direction  and  utilise  the  effective  force  of  the  current  for  the  scouring  of 
the  channel. 

This  continuity  in  the  course  certainly  ougjbt  to  influence  advantageously 
the  formation  of  more  regular  transverse  sections  and  more  equal  depths  as 
well  as  the  maintenance  of  them.  Groins  form  in  the  regular  direction  of  the 
stream  only  isolated  fixed  points  at  certain  distances  apart  and  leave  the 
stream  to  do  the  rest. 

With    the    groins    at   present  in  use  perfect  results  are  not  obtained,  as  the 
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current  has  not  yet  a  fixed  bed,  because  the  groins  on  both  sides  do  not 
act  exactly  as  models  even  when  (and  it  is  not  always  the  case)  they  are 
placed  perpendicularly  to  the  direction  of  the  current  and  opposite  one  another; 
in  fact  the  course  of  the  river  changes  with  the  height  of  the  water  and  in. 
this  case  the  normal  profile  is  perpendicular  to  the  line  of  the  current  and 
oblique  to  the  course  of  the  river.  This  is  why  groins  are  incomplete  and 
constitute  local  works  for  impeding  the  water;  for  a  regular  profile  they  are 
out  of  place.  Even  in  the  case  of  more  numerous  isolated  dams  with  sunken 
groins  this  defect  in  the  construction  of  the  groins  cannot  be  entirely  remedied. 

With  continuous  leading  dams  an  equal  incline  will  be  formed  of  the 
flow  at  low  water  when  a  proper  height  is  chosen.  Thus  the  incline  when 
the  water  is  at  its  highest  level,  which  is  more  uniform,  will  be  transmitted 
to  the  lowest  level.  In  the  same  way  a  comparatively  regular  velocity  will  be 
met  with  afterwards  in  the  channel  and  this  will  guarantee  the  preservation 
of  the  depth  of  the  river-bed. 

With  the  system  of  groins,  in  each  place  where  the  bed  is  contracted  the 
fall  is  stopped  which  prevents  the  formation  of  a  uniform  velocity.  A  regular 
incline  and  uniform  velocity  are  the  first  conditions  for  the  preservation  of  a 
river-bed  that  is  still  unfixed.  Works  for  the  regulation  of  the  movement  of 
solid  matter  and  the  formation  of  sand  deposits  behind  the  works  must  also 
be  considered  as  of  great  importance,  as  they  determine  the  formation  of  these 
deposits  and  help  to  maintain  a  more  regular  profile.  Only  when  in  consequence 
of  sand  deposits  in  the  river-bed  the  banks  and  shores  are  formed  na- 
turally at  a  low  level  according  to  the  form  indicated  by  the  works,  the 
stability  of  the  profile  it  is  sought  to  obtain  is  assured.  By  means  of  leading 
dams  and  shore  connections  the  deposits  in  the  actual  bed  of  the  mean  waters 
will  be  thrown  upon  the  intermediate  spaces.  After  the  regulation  has  been 
effected  the  main  channel  will  contain  but  little  solid  matter. 

By  using  groins  the  deposit  of  the  sand  will  not  be  so  certain.  Below  the 
groins  the  current  which  is  confined  by  them  expands;  forming  eddies  it 
penetrates  into  the  lower  part  of  the  succeeding  interval  and  at  a  distance  of 
lo  to  20  m.  behind  the  works,  according  to  the  position  of  the  current,  the 
spaces  between  the  works  will  not  be  filled  by  deposits. 

A  part  of  the  deposit  created  by  the  fall  is  raised  from  the  intermediate 
space  on  the  concave  banks  at  the  first  floods  if  the  water  has  any  force; 
the  material  of  the  bottom  forms  no  deposits  when  there  are  no  intermediate 
works  to  facilitate  them.  The  water  which  surrounds  and  covers  the  sunken 
groins  will  act  in  the  same  way  and  probably  most  energetically;  the  con- 
solidation of  the  bottom  must  therefore  be  effected  to  a  more  limited  degree 
in    the  intervals  between  the  sunken  groins  than  in  the  case  of  leading  dams. 

The  preservation  of  river  channels  which  are  found  in  their  natural  state 
or  which  have  been  dredged  will  probably  be  possible  without  further  dred- 
ging, for  the  material  of  the  bottom  is  thrown  behind  the  leading  dams. 
Nevertheless  it  must  be  supposed  that  it  remains  necessary  to  dredge  systema- 


cally  along  all  the  concave  banks,  because  the  regulation  of  the  bed  of  the 
higher  waters  cannot  be  effected  on  account  ot  the  expense  it  would  entail 
and  because  the  high  waters  would  always  carry  away  solid  matter. 

With  the  correction  by  means  of  sunken  groins  it  will  be  necessary  to 
dredge  continually,  because  the  masses  of  sand  will  then  be  carried  away 
from  the  intervals  when  the  works  are  submerged.  As  soon  as  the  force 
of  the  current  is  insufficient  to  move  the  masses  of  sand  they  will  be 
deposited  in  the  bed  of  the  river  where  they  have  arrived  and  also  in  that 
part  of  the  channel  where  there  are  no  groins  and  the  width  is  increased. 

The  capricious  formation  of  flat  places  is  consequently  more  probable  when 
groins  are  employed  than  when  the  leading  dam  system  is  adopted  even  if 
they  are  not  to  be  looked  for  so  much  as  has  been  the  case  hitherto. 
If  in  the  portions  of  the  river  that  are  to  be  regulated  at  low  water  large 
quantities  of  solid  matter  had  to  be  expected,  which  came  either  from 
the  upper  stream  or  from  side  channels  (such  as  may  not  have  been 
regulated),  these  masses  would  have  to  be  removed  from  the  channel,  for  the 
sake  of  navigation,  by  means  of  more  extensive  works  up  stream  in  the  shape 
of  groins  and  intermediate  works;  it  would  be  necessary  to  form  a  place  for 
the  deposits  and  for  the  matter  dredged. 

All  regulation  at  low  water  and  the  formation  of  a  deeper  and  narrower  chan- 
nel will  help  to  eftect  the  more  expeditious  clearing  away  of  /Vr,  for  below  it 
there  is  always  running  water  and  therefore,  as  soon  as  the  thaw  takes  place,  it 
will  weaken.  The  ice  will  descend  in  a  more  regular  manner,  ice-banks  and 
formations  reaching  to  the  bottom  will  occur  less  frequently,  for  the  sand 
which  favours  the  formation  of  these  masses  will  be  wanting  and  the  floes 
of  ice  will  meet  with  no  difficulty  in  floating  down  the  channel  already 
or  still  open. 

Low  leading  dams  with  shore  connections,  as  well  as  raised  ridges  or  sunken 
groins,  offer  no  obstacle  to  navigation  if  the  channel  is  wide  and  not  exces- 
sively curved;  the  channel  is  confined,  signs  are  put  up  to  mark  the  route  to 
be  pursued  by  navigation. 

The  action  of  running  water  on  leading  dams  is  continual,  but  in  conse- 
quence 6f  the  continuity  of  the  works  and  of  the  regularity  of  the  incline  it 
may  be  distributed  in  a  uniform  manner  and  thus  become  less  in  each  parti- 
cular spot,  the  same  is  the  case  with  connecting  works  and  sloping  groins. 
Leading  dams  and  shore  connections  prevent  the  current  from  leaving  the  bed 
assigned  to  it,  and  consequently  cross  currents  do  not  present  themselves.  It 
is  essential  before  adopting  low  leading  dams  te  experiment  whether  they  are 
capable  of  withstanding  the  attack  of  the  water.  By  placing  them  sufficiently 
low  and  leaving  not  too  great  intervals  between  the  shore  connections  the 
ruption  of  the  works  is  not  to  be  feared,  not  is  there  any  risk  of  causing 
eddies  liable  to  damage  the  bed  of  the  river.  In  the  same  way  the  placing  of 
these  works  below  low  water-level  is  the  most  efficatious  means  of  protection 
against  the  damage  caused  by  overflowing  and  bij  ice  and  the  undermining  of 
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the  works,  so  that  their  durability  appears  assured  without  their  base  on  the 
side  of  the  current  being  strengthened  with  breast- work,  except  in  the  case  of 
the  concave  bank  where  the  attack  of  the  current  is  most  violent.  With  regard 
to  observations  upon  the  character  of  low  leading  dams  we  may  refer  to  those 
made    during    the   last    few    years    upon  the  Weser  below  and  above  Bremen. 

The  conditions  met  with  in  these  places  cannot  it  is  true  be  taken  as  an 
example  for  the  upper  course  of  rivers  but  nevertheless  the  advantages  of  leading 
dams  with  regard  to  the  ebb  and  flood  of  the  tide  may  be  taken  into  consi- 
deration in  treating  the  upper  waters  of  these  rivers,  for  the  differences  in  the 
direction  of  the  waters  are  not  very  essential  and  the  conditions  affecting  the 
bottom  are  in  theory  the  same.  The  way  in  which  sinken  groins  are  attacked 
is  in  both  cases  much  the  same. 

These  works  dam  up  the  water  and  increase  the  velocity  of  the  current. 
This  acceleration,  causing  in  time  of  floods  damage  to  the   top   of  the   works 

■ 

as  well  as  the  formation  of  cross  currents  and  eddies  below  the  confined 
portions,  also  partly  tends  to  scour  the  bed  and  undermine  the  works. 

The  continuous  and  safe  conduct  which  leading  dams  offer  to  the  main 
current  cannot  be  obtained  by  means  of  groins,  except  by  increasing  the 
number  of  them,  especially  where  the  current  changes  from  one  bank  to 
the  other. 

All  these  worlCs  require  the  ends  to  be  solid  and  capable  of  resistance  and 
they  are  consequently  more  expensive.  Long  and  practical  experience  alone  can 
determine  whether  low  leading  dams  or  sunken  groins  are  cheapest  to  con- 
struct and  keep  in  condition. 

The  owners  of  property  on  the  riversides  are  always  afraid  that,  in 
seeking  to  improve  the  conditions  favourable  to  navigation,  some  alteration 
may    be    caused    in   the  character  of  the  floods  and  high  water  and  especially 

I 

any  effects  be  produced  prejudicial  to  the  cultivation  of  the  lands. 

There  is  as  little  ground  for  fear  when  the  correction  is  effected  by  means 
of  leading  dams  as  when  any  other  method  is  adopted  and  it  is  proposed  not 
to  alter,  but  to  reorganise,  the  form  of  the  bed.  Moreover  it  is  evident  that 
the  continual  deepening  of  the  bed  of  the  low  waters  and  the  gradation  of 
the  course  can  only  have  a  favourable  influence  on  the  flow,  even  when  the 
water  is  at  a  high  level,  and  also  that  the  high  waters  are  more  easily  carried 
when  the  transverse  section  is  enlarged  than  when  they  are  confined  between 
banks  of  gravel.  With  regard  to  the  high  waters,  however,  the  complete 
regulation  of  them  is  considered  as  pernicious. 

It  is  very  hard  to  eradicate  this  idea  on  account  of  the  bad  corrections 
made  at  an  earlier  date,  and  the  people  cannot  be  persuaded  that  the  present 
works  will  not  be  equally  detrimental;  for  reliable  data  for  establishing  a 
proof  with  mathematical  exactness  are  wanting.  But  that  this  may  be  possible 
with  future  improvements  it  is  to  be  hoped  that  it  will  be  taken  into  con- 
sideration   in   advance  and  that  all  changes  however  partial  may  be  recorded. 

With   this   object   the    conditions   of  the  flow  at  all  water-levels  should  be 
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exactly  noted  as   well    as   the   variations  in  incline,  the  discharge  and  depth. 

These  details  respecting  the  incline  and  level  of  the  water  should  be  re- 
corded not  only  with  respect  to  the  gauges,  but  also  wherever  regulation  works 
are  undertaken.  In  this  manner  absolutely  certain  data  will  be  obtained  later 
with  regard  to  the  situation.  The  placing  of  the  ends  of  the  works  lower  or 
higher  may  cause  a  change  in  the  level  of  the  water;  a  considerable  lowering 
of  level  will  be  obtained,  if  it  is  necessary,  by  lowering  the  level  of  the 
inclined  groins  and  by  placing  the  ends  of  them  nearer  the  bank  if  the 
scouring  and  dredging  have  not  been  sufficient;  while  too  abrupt  a  fell  may 
be  avoided  by  contracting  the  bed  down  stream,  especially  in  the  changes 
in  directon. 

These  measures  must  naturally  not  be  employed  except  when  it  is  sought 
to  obviate  a  rising  or  lowering  of  the  bed  in  certain  places. 

Before  deciding  upon  the  form  of  cross  section  to  be  adopted,  the  factors 
of  the  discharge  should  be  determined  exactly;  thus  the  principles  respecting 
the  details  we  mentioned  above  will  be  already  fixed.  The  extent  of  the 
contraction  for  any  point  of  the  river  will  not  be  based  upon  the  possible 
maximum  depth,  but  the  depth  will  be  determined  for  the  part  down  stream 
according  to  the  depth  which  it  is  possible  to  obtain  in  the  higher  part. 

The  waterway  open  to  large  boats  will  end  at  this  point,  fi:om  here 
smaller  craft  will  be  used  or  (when  the  use  of  small  boats  is  unprofitable 
fi*om  an  econon\ical  point  of  view)  the  stream  will  be  canalised. 

The  greatest  depth  will  naturally  end  at  the  mouth  of  a  tributary  or 
at  a  trade  or  industrial  centre.  In  the  part  fi-equented  by  large  boats  it  is 
necessary  to  provide  besides  the  depth  necessary  for  navigation  a  sufficient 
width  for  lines  of  boats  drawn  by  tugs  to  pass  each  other.  The  use  of  a  steep 
talus  and  breastwork  are  to  be  recommended  in  these  places  in  order  that 
the  full  width  of  the  bed  may  be  utilised  at  low  water. 

The  scientifically  exact  form  of  the  bed  has  not  yet  been  determined  and  it 
will  be  impossible  to  do  so  until  the  influence  of  the  training  walls  upon  the 
velocity  of  the  current  shall  be  as  well  known  as  that  of  the  bottom  (Cf.  the 
report  of  Herr  Jasmund,  inspector  of  hydraulic  works,  Zeiischrift fur  Bauwesen, 
Berlin  1893). 

According  to  the  theory  formulated  in  this  report  respecting  the  decrease 
in  velocity  at  the  bottom  with  the  hypothesis  that  there  is  a  similar  decrease 
along  the  banks,  it  seems  necessary  to  have  recourse  to  the  use  of  a  steep 
talus  which  shall  always  be  covered  with  running  water,  that  is  to  say  leading 
dams  must  be  adopted. 

The  protection  to  the  banks,  such  as  is  effected  when  leading  dams  are 
employed,  is  often  built  in  a  different  manner  for  various  levels. 

On  the  mountain  streams  in  Saxony  and  Bavaria  blind  work  is  used, 
fascines  of  Gumpenberg,  which  are  simply  leading  dams.  * 

On  the  middle  course  of  the  Rhine  blind  work  is  also  used,  as  well  as  on 
the  Elbe  near  Torgau  and  Anhalt  and  on  the  Saale. 
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also  experiments  may  be  made  with  regard  to  the  force  of  resistance  and  the 
effect  of  low  leading  dams  where  they  did  answer  the  purpose  of  fixing  the 
channel  in  the  passages. 

If  the  system  of  leading  dams  is  appropriate  it  may  Militate  the  conditions 
favourable  to  navigation  on  rivers  at  low  water.  ^ 

The  gathering  together  of  the  low  waters  into  one  channel  of  suitable  form 
by  means  of  leading  dams  laid  at  the  height  of  low  water  should  have  an 
advantageous  influence  upon  the  direction  of  the  water  and  offer  the  means 
to  utilise  more  completely  the  discharge  at  low  water  and  to  take  advantage 
of  the  possibility  of  creating  a  greater  navigable  depth. 

Since  in  regulating  a  river-bed  by  means  of  low  leading  dams  the  preten- 
tions of  the  dwellers  on  the  river-bank?  must  be  respected,  when  it  is  a 
question  of  altering  rivers,  we  may  recommend  the  employment  of  low  leading 
dams  before  any  other  more  fundamental  systhm  of  regulating  rivers  at  low 
water  he  adopted  in  order  to  obtain  a  greater  depth  and  conditions  more  favou- 
rable to  navigation, 

fi 
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I. 

GENERAL  REMARKS  UPON  THE  CONDITIONS  OF  THE  FLOW  OF  WATER 
AND  SOLID  MATTER  IN  RIVERS  OF  UNSTABLE  BOTTOM. 

Most  rivers  of  unstable  bottom  flow  through  valleys  where  the  soil  is 
composed  of  ancient  alluvial  deposits  the  thickness  of  which  is  generally 
considerable. 

In  their  natural  state  they  change  the  position  of  their  principal  bed 
upon  the  submersible  plain,  carrying  it  from  one  side  to  the  other  of  the 
valley. 

Every  flood  of  importance  brings  down  fresh  solid  matter  from  the 
tributaries,  and  also  carries  away  something  from  the  bed  and  banks  of 
the  principal  water-course,  thus  modifying  both  its  form  and  position. 
When  the  waters  subside  the  submersible  plain  is  found  to  be  cut  up 
by  a  number  of  branches,  between  which  the  discharge  is  divided,  and 
these  leave  large  spaces  covered  with  gravel  and  sand  between  their  res- 
pective beds.  Such  lands  are  generally  unsuitable  for  any  cultivation; 
after  some  years  they  become  covered  with  shrubs  and  sometimes  with 
trees;  but  their  form  is  constantly  variable  and  their  existence  is  not 
permanent;  the  most  recent  floods  may  increase  them,  but  they  are  more 
frequently  washed  away  by  them  to  be  reformed  elsewhere. 

In  great  water-courses  the  space  occupied  by  these  variations  may  be 
very  considerable,  for  they  may  reach  the  foot  of  the  mountains  on  either 
side  of  the  area  occupied  by  the  bed  of  the  great  floods  and  they  fre- 
quently cover  stretches  of  country  several  kilometres  in  width. 

Sometimes  on  the  contrary  the  bed  is  confined,  the  mountains  which 
form   the    limit   of  the   valley   are   close   together  and   the  water-course 


passes  through  a  narrow  and  deep  deiile.  Such  is  the  famous  defile  of 
Kazan  on  the  Danube  and  such  on  a  small  scale  are  the  gorges  of  Pierre- 
Chatel  and  S*  Auban  on  the  Rh6ne. 

At  other  times,  without  the  shores  being  so  near  together,  a  mass  of 
rocks  traverses  the  valley  near  the  surface  of  the  water,  often  with  points 
emerging,  thus  forming  rapids  like  those  of  Struden  or  the  Iron  Ports 
on  the  Danube  or  the  falls  of  Sault  on  the  Rh6ne. 

These  passages  between  serried  mountain  chains  or  over  bars  of  rock 
are  not  only  indispensable  as  regards  the  formation  of  the  bed,  but  they 
also  occasion  peculiarities  in  the  course. 

In  deep  and  narrow  defiles  the  incline,  often  considerable  when  the 
water  is  high,  becomes  less  and  sometimes  almost  imperceptible  when  the 
water  is  low,  so  that  the  course  at  low-water  comes  upon  a  level  run,  or 
nearly  so,  preceded  and  followed  by  more  pronounced  inclines. 

Rapids  produce  similar  eflFects.  In  time  of  low  water  it  is  ascertained 
that  on  a  ledge  an  abrupt  fall  is  preceded  by  a  gentle  incline  and  in 
some  places  by  normal  inclines. 

However,  this  form  of  course  is  not  invariable;  although  in  these  pas- 
sages the  water  flows  over  hard  ground  which  it  is  powerless  to  remove, 
its  action  nevertheless  has  some  eflFect  upon  it;  a  part  of  the  effective 
force  is  lost  in  friction  against  the  rocks  over  which  it  flows  and  which 
it  gradually  wears  away,  and  if  no  flood  causes  the  course  to  change,  if 
its  action  continues  for  a  long  succession  of  centuries,  it  finally  digs 
deeply  into  and  opens  a  passage  through  them.  This  is  the  origin,  not 
certainly  of  all  defiles,  but  at  least  of  a  certain  number.  But  compared 
to  the  time  which  regulation  works  may  last,  the  modifications  which 
these  passages  undergo  are  insignificant.  And  as  on  the  other  hand  the 
works  it  is  possible  to  carry  out  cannot,  without  exceeding  the  limit  of 
cost  admissible,  effect  more  than  the  improvement  of  local  conditions  or 
influence  a  wider  area  than  that  for  which  they  were  undertaken,  these 
passages  should  be  considered  to  determine  fixed  points  both  in  the  form 
of  the  bed  and  in  the  course,  and  thus  establish  a  clear  line  of  demarca- 
tion between  the  character  or  constitution  of  the  various  sections  of  the 
stream  which  they  separate. 

The  conception  therefore  is  here  at  fault  which  is  often  formulated 
for  the  course  of  a  stream  and  according  to  which  a  series  of  gradually 
decreasing  inclines  should  be  formed;  neither  does  it  answer  in  the  inter- 
vals between  these  passages  as  we  shall  see  later  on.  In  order  that  an 
obstacle  may  stop  the  scouring  process  effected  by  a  water-course,  form 
a  bar  and  reduce  the  incline  up  stream  to  increase  it  down  stream, 
it  is  not  really  necessary  for  this  obstacle  to  present  as  great  a  resistance 
as  the  mass  of  rocks;  it  is  sufficient  that  the  undermining  influence 
necessary  to  remove  this  obstacle  be  greater  than  the  effective  force  of 
the  water. 
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This  circumstance  is  often  met  with  and  among  others  tends  to  give 
the  course  a  less  simple  form  than  the  parabola,  and  we  only  meet  with 
it  approximately  realised  in  water-courses  which  have  no  tributaries  or 
only  tributaries  of  small  importance,  or  in  the  parts  of  other  rivers  which 
receive  no  tributaries  of  any  considerable  size. 

Between  these  accidents  of  mountains  which  only  occur  at  wide  inter- 
vals, plains  of  alluvial  soil,  which  we  have  described  and  in  which  on 
the  contrary  everything  is  variable  and  continually  unstable,  sometimes 
extend  over  several  hundred  kilometres.  The  form  and  condition  of  the 
bed  depends  at  every  point  and  at  every  moment  upon  the  nature  of 
the  soil  and  the  incline,  the  discharge  of  water  and  its  variations, 
circumstances  which  change  under  the  influence  of  causes  proper  to  the 
water-course  itself,  causes  which  are  themselves  modified  by  the  tribu- 
taries which  successively  swell  its  current. 

Each  of  these  tributaries  has  its  own  characteristic  constitution  and 
consequently  a  different  action,  and  the  water-course  which  is  affected 
by  the  resulting  action  of  these  tributaries  is  modified  in  various  ways 
according  as  they  act  collectively  or  separately. 

Some  of  these  tributaries  are  themselves  rivers  of  considerable  size  and 
furnish  the  principal  water-course  with  an  appreciable  portion  of  its 
discharge ;  but  whatever  their  importance  may  be  the  regularity  with 
which  they  contribute  to  its  alimentation  is  most  variable. 

Some  proceed  from  mountains  more  or  less  lofty  or  situated  in  com- 
paratively hot  regions  and  their  character  then  especially  depends  on 
the  temperature  which  accelerates  or  retards  the  melting  of  the  snow  or  ice. 
Their  waters  have  a  low  level  in  winter  and  an  average  level  in  summer. 

The  tributaries  whose  basins  are  wooded  or  grassy  and  which  flow  through 
valleys  with  gentle  inclines  have  a  peaceful  and  regular  character.  Their 
discharge  even  in  the  dry  season  always  preserves  its  relative  importance, 
their  floods  gather  slowly  and  last  long,  and  the  difference  between  their 
maximum  and  minimum  discharge  is  moderate. 

Those  on  the  contrary  whose  basins  are  bare  and  inclines  abrupt 
are  diluvial  in  character.  Their  discharge  when  the  water  is  low 
becomes  almost  m7,  their  floods  rise  suddenly  and  rapidly  subside, 
the  difference  between  their  maximum  and  minimum  discharge  is 
very  large ;  they  suddenly  pour  forth  enormous  quantities  of  water 
which  rapidly  flows  away,  sometimes  in  a  few  hours,  relapsing  immediately 
afterwards  to  a  very  inconsiderable  discharge. 

Between  these  extremes  are  included  all  intermediate  forms,  and 
among  those  which  partake  of  both  characters  there  are  some  whose 
upper  portions  proceed  from  high  mountains  and  flow  over  considerable 
inclines,  while  their  lower  course  stretches  over  extensive  plains.  Their 
floods  are  here  rapid  as  in  torrents,  but  their  discharge  when  the  water 
is  low  nevertheless  remains  considerable. 


If  the  different  tributaries  present  very  decided  varieties  as  regards  the 
character  of  their  waters,  they  show  differences  quite  as  marked  as 
regards  the  dimensions  and  the  quantity  of  the  solid  matter  that  they 
carry  down. 

All  rivers,  with  the  exception  of  some  springs  which  flow  over  hard 
ground  at  a  gentle  incline,  have  a  double  dischai^e — thatof  the  water  and 
that  of  the  solid  matter  brought  down.  The  flow  of  these  is  produced  in 
very  variable  proportions  in  different  rivers,  or  in  one  and  the  same  river 
according  to  the  circumstances  and  the  state  of  the  water,  and  it  is  regu- 
lated by  laws  with  which  we  are  very  imperfectly  acquainted  or,  to  speak 
more  correctly,  laws  which  are  unknown  to  us  and  which  will  probably 
remain  so  for  a  long  time. 

We  know  however  that  there  is  a  relation  between  the  quantity  of 
water  and  of  solid  matter.  The  most  simple  observation  shows  us  that 
the  quantity  or  volume  of  solid  matter  brought  down  increases,  all  other 
things  being  equal,  with  the  volume  of  solid  matter  in  movement;  it 
also  shows  us  that  it  increases  with  the  incline  in  the  river-bed.  If  it 
depends  on  these  two  elements  which  influence  the  effective  force  of  the 
river,  it  depends  equally  on  the  resistance  opposed  to  this  force,  on  the 
nature  more  or  less  unresisting  of  the  ground  over  which  the  river  flows, 
on  the  cultivation,  woods  and  grass  upon  the  slopes,  and  all  those  cir- 
cumstances which  combine  to  prevent  the  wearing  away  of  the  bed  and 
any  decrease  in  the  effective  force  of  the  water. 

Water-courses  of  a  quiet  character  which  flow  over  gentle  inclines,  the 
upper  basin  of  which  is  wooded  and  grassy,  generally  bring  down  a 
large  volume  of  water  but  little  solid  matter ;  during  their  floods  however 
they  carry  with  them  a  large  quantity  of  the  latter  in  the  form  of  fine 
sand  and  light  clay. 

The  water-courses,  on  the  contrary,  which  partake  of  the  character  of 
torrents  carry  down  large  quantities  of  solid  matter.  In  the  upper 
part  of  their  course  they  often  roll  down  great  lumps  of  earth  the  edges 
of  which  are  hardly  touched.  These  lumps  stop  at  the  foot  of  steep 
inclines,  without  however  there  acquiring  a  definite  and  constant  position ; 
but  from  this  point  their  movement  by  successive  stages  becomes  slower, 
until  they  are  first  carried  down  in  the  general  movement  of  the  descent 
of  alluvial  deposits  or  are  removed  by  an  upheaval  of  the  bed  and 
become  broken  up.  The  incline  becomes  more  gradual  the  further  from 
the  source  and  the  volume  of  solid  matter  decreases,  either  because  the 
lighter  portion  only  can  have  been  carried  so  far,  or  because  the  rest 
has  been  worn  away  and  broken  up  on  the  journey. 

These  phenomena  are  particularly  noticeable  in  torrents  properly  so 
called,  because  the  degree  of  the  incline  and  the  excessive  variation  in 
the  discharge  place  it  as  it  were  on  a  larger  scale  and  allow  of  better 
observations   being  taken.   The  general  form  of  these  water-courses  may 
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be  regarded  as  two  cones,  the  upper  of  which  has  its  top  turned  down 
stream,  forming  the  vast  funnel  which  constitutes  the  receiving  basin 
and  which  wears  away  and  changes  its  position  in  course  of  time,  while 
the  lower  of  them  has  its  top  turned  up  stream  and  is  formed  of  all 
sorts  of  dibria  gathered  from  the  first,  dUrris  which  presents  itself  in  every 
direction  and  spreads  the  further  the  more  finely  divided  it  may  be  and 
the  less  abrupt  its  natural  angle  of  repose.  These  two  cones  are  united  by 
a  passage  more  or  less  long  and  rapid,  which  constitutes  the  bed  of  the 
torrent.  When  a  portion  of  the  bank  is  worn  away  the  debris  which  des- 
cends by  this  passage  continues  its  fall  over  the  incline  formed  by  the 
preceding  d&niSy  over  which  the  bed  wanders  guided  by  the  resistance  it 
encounters;  the  cone  is  worn  away  little  by  little  while  it  grows  longer 
and  longer  until  it  reaches  the  principal  water-course  which  receives  the 
torrent  and  into  which  the  solid  matter  brought  down  so  far  falls 
together  with  the  water. 

Quiet  rivers  whose  course  appears  quite  different  are  none  the  less 
subject  to  similar  phenomena,  which  occur  with  the  same  general  though 
less  pronounced  characteristics.  They  all  take  solid  matter  from  their 
beds,  roll  it  along  mingled  with  that  brought  down  by  their  tributaries, 
wash  it  away  in  greater  quantities  in  time  of  in  flood,  deposit  a  portion 
of  it  as  the  floods  subside  to  take  it  up  again  later  and  conduct  it  by 
successive  stages  to  places  where  the  inclines  are  less  steep;  here  these 
substances  are  exposed  in  a  more  or  less  flattened  cone,  they  advance 
progressively  and  reach  the  more  important  jvater-course  which  in  its 
turn  takes  them  up  until  at  last  by  a  series  of  similar  phases  they  arrive  at 
the  sea,  into  which  the  cone  of  evacuation  of  the  river  advances  a  certain 
distance  and  preserves  its  form  according  to  the  more  or  less  energetic 
action  of  the  tide,  the  currents  and  the  waves. 

In  this  inccessant  levelling  of  the  earth's  surface  which  is  effected  by  rivers, 
the  water  passes  through  a  constant  cycle  and  follows  a  continuous  movement, 
descending  from  the  mountain  to  the  sea,  where  it  evaporates,  to  return 
through  the  influence  of  winds  from  the  sea  to  the  mountain.  But  if  on  the 
whole  the  movement  of  the  water  has  the  character  of  continuity,  its  fall 
upon  the  earth's  surface  appears  on  the  contrary  to  be  intermittent,  or 
more  properly  speaking  periodical,  and  gives  that  character  to  the  move- 
ment of  solid  matter  which  it  is  observed  that  it  provokes.  Every  fall, 
that  is  to  say  every  flood,  detaches  fresh  particles  from  the  mountain, 
stirs  up  in  its  passage  the  solid  matter  already  collected  in  the  bed, 
carries  them  along  so  long  as  the  mass  of  water  in  movement  has  suffi- 
cient force,  deposits  them  to  take  up  others  less  heavy,  when  it  can 
carry  them  no  further,  and  finally  conducts  to  the  sea  those  of  them 
which  being  lighter  have  already  by  preceding  floods  arrived  nearer  the 
river's  mouth. 

In  this  manner  the  descent  of  solid  matter  from  the  mountain  to  the 


sea  takes  place  somewhat  after  the  fashion  of  the  propagation  of  a  great 
wave  which  the  water-wave  raises  in  its  course  and  which  subsides  with 
the  water;  its  magnitude  and  length  vary  from  point  to  point  by  reason 
of  the  continually  varying  circumstances  encountered  in  its  course. 

It  is  clear  also  that  this  rate  will  be  the  more  marked  as  the  perio- 
dical character  of  the  movement  of  the  water  is  more  pronounced,  as  the 
difference  between  the  maximum  and  minimum  discharges  is  greater, 
the  inclines  more  accentuated  and  bare,  and  the  flow  more  rapid. 

On  the  contrary  where  the  watercourse  depends  only  on  the  nature  of 
the  rains,  where  the  nature  of  these  rains  is  itself  more  regular,  where 
the  ground  which  receives  them  is  more  pervious  and  retains  them 
longer  and  in  larger  quantities  to  part  with  them  by  degrees,  where 
finally  the  inclines  are  slight  and  the  flow  regular  and  gentle,  the  wave 
will  lengthen  out  and  be  depressed,  but  it  will  never  be  effaced  and  the 
movement  of  solid  matter  will  always  remain  intermittent  and  always 
be  caused  by  a  series  of  successive  violent  movements  separated  by  a 
series  of  stops  and  pauses. 

This  is  a  necessary  consequence  of  the  periodicity  of  the  movement  of 
the  water  and  the  invariability  of  the  discharge.  The  force  of  the  water 
only  causes  the  movement  of  solid  matter  when  the  former  reaches  a 
certain  volume,  which  may  be  called  efficient,  and  when  by  the  decrease 
of  the  discharge  it  becomes  less  than  this  volume  the  movement  ceases 
and  a  deposit  is  formed.  It  is  a  natural  law  that  it  is  impossible  to 
infringe  and  the  engineer  in  devising  improvements  for  the  regulation 
of  the  bed  must  abandon  the  idea  of  substituting  a  continuous  movement 
for  this  intermittent  movement  and  confine  himself  to  foreseeing  the 
position  of  successive  haulting  places  and  to  regulating  as  far  as  possible 
the  form  of  the  deposits. 

But  this  is  not  the  only  fact  which  observation  enables  us  to  verify. 
It  is  possible  to  deduce  other  &cts  quite  as  certain,  other  consequences 
quite  as  necessary  to  the  reciprocal  reactions  of  the  movement  of  the 
water  and  the  solid  matter,  by  making  a  closer  examination  of  the 
action  of  this  effective  force  which  varies  continually  over  ground  offering 
an  equally  variable  resistance. 

We  have  said  above  that  the  effective  force  increases  with  the  amount 
of  water  in  movement  and  with  the  incline.  In  an  interesting  memoran- 
dum published  in  the  Annales  des  Fonts  et  Chaussfes  (1879,  Vol.  II), 
M.  DU  Boys  established  that  this  power  is  directly  proportional  to  the 
volume  and  the  incline,  so  that  the  effective  force  exercised  over  a  square 
metre  of  the  bottom  by  a  prism  whose  base  is  1  sq.  m.  and  altitude  equal 
to  the  depth  H  of  the  water-course  at  this  point,  if  i  represents  the 
incline,  is  found  to  be 

F  =  1000  HL 

This  expression,   established   without  reference   to   any   theory   of  the 


flow  of  water  or  any  hypothesis  respecting  the  variations  of  speed,  sup- 
poses only  that  in  the  uniform  movement  the  apparent  active  force  of 
the  volume  of  water  is  constant;  we  admit  it  for  our  explanations 
because  the  only  hypothesis  upon  which  it  is  based  appears  to  us  diffi- 
cult to  contest.  We  will  however  only  have  recourse  to  it  because  it 
simplifies  the  language ;  but  we  have  no  intention  of  putting  through  a 
process  of  calculation  such  complex  phenomena  as  those  which  we  are 
studying,  nor  of  seeking  to  express  in  figures  the  eflfects  produced.  We 
only  seek  to  determine  the  sense  of  it,  so  that  our  conclusions  shall 
remain  exact  even  when  the  law  which  connects  the  effective  force  of 
the  river  with  the  volume  and  the  incline  may  differ  from  the  idea  of 
simple  proportion,  because  it  is  certain  that  the  variation  of  this  force 
depends  on  that  of  the  volume  and  the  incline  and  is  felt  in  the  same  direction. 

If  it  is  possible  to  conceive  and  even  to  express  in  a  simple  manner 
the  force  calculated  to  modify  the  bed  of  a  water-course ;  it  is  not  the 
case  as  regards  the  forces  opposed  to  it. 

These  resisting  forces  are  extremely  variable  and  it  is  impossible  to 
give  a  simple  expression  for  them ;  but  a  certain  number  of  the  causes 
affecting  the  magnitude  of  them  may  be  found.  We  shall  confine  our- 
selves to  indicating  the  principal  of  these. 

In  the  first  rank  must  be  placed  the  dimensions,  density  and  weight 
of  the  solid  matter.  The  influence  of  these  causes  is  evident  and  the 
most  superficial  observation  of  them,  or  mere  common  sense,  is  sufficient 
to  understand  that  the  finest  and  lightest  solid  matter  is  most  easily 
carried  away. 

It  should  be  remarked  however  that  the  matter  composing  the  bed 
of  a  water-course  is  not  always  the  same,  but  on  the  contrary  differs 
greatly  in  dimensions,  nature,  and  form  and  is  mixed  in  very  variable 
and  different  proportions ;  the  more  or  less  intimate  conditions  of  this 
mixing  influences  and  modifies  their  individual  resistance  to  the  current. 
Mixtures  of  moveable  gravel  and  pure  sand  are  met  with,  as  well  as 
more  resisting  mixtures  of  gravel  and  argillaceous  sand,  masses  of  rocks 
and  mud  firmly  stuck  together  and  conglomerate  lumps  which  present  a 
resistance  similar  to  banks  of  rock. 

The  shape  of  the  pieces  of  solid  matter  has  equally  an  influence  upon 
the  process.  It  is  clear  that  round  stones  are  more  easily  put  in  move- 
ment than  sharp  cornered  or  flat  stones.  Fragments  of  rocks  descended 
from  the  mountain  lose  their  angular  form,  they  get  blunted  in  succes- 
sive violent  movements  and  assume  most  various  shapes,  either  because 
their  faces  are  not  equally  exposed,  or  because  their  hardness  is  not  the 
same  on  all  sizes.  The  result  is  that  all  shapes  and  sizes  are  found  from 
perfectly  round  pebbles  to  absolutely  flat  stones. 

The  manner  in  which  these  stones  are  grouped  and  mixed  together  has  an 
evident  influence  upon  their  resistance  to  the  current,  but  this  resistance 
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also  depends  apon  the  way  in  which  they  lie.  A  flat  stone  laid  ux)on  its 
smaller  side  will  be  more  easily  carried  away  than  if  it  lies  upon  its 
flat  side,  and  it  is  evident  that  once  set  in  movement,  if  it  should  stop 
or  fall  without  anything  opposing  it,  it  will  rest  upon  its  flat  sur&ce. 
Therefore,  if  in  a  current  which  carries  with  it  a  quantity  of  pebbles,  a 
large  proportion  of  which  are  always  more  or  less  flat,  the  effective  force 
should  decrease,  the  pebbles  will  be  deposited  on  their  flat  side  one 
above  the  other;  and  when  after  a  flood  a  recently  formed  bank  of  sand 
or  shingle,  which  still  preserves  the  form  given  it  by  the  action  of  the 
water,  be  examined,  it  will  be  found  that  the  stones  are  laid  one  above 
the  other  precisely  like  the  scales  of  a  fish.  Sands  so  formed  and 
composed  of  very  unstable  material  will  throughout  present  con- 
siderable resistance  to  the  current  according  to  the  set  of  the  stones. 
This  resistance  would  be  almost  nil  to  a  current  coming  in  the  other 
direction  and  but  slight  for  a  transverse  current.  It  is  thus  that  we 
can  explain  the  existence,  often  long  maintained,  of  banks  which  in 
themselves  are  unstable  and  are  exposed  to  the  full  force  of  the  current, 
and  also  their  sudden  disappearance  under  the  influence  of  a  flood  less 
considerable  than  others  they  had  resisted,  but  in  which  the  direction 
of  the  current  has  been  modified. 

The  effective  force  of  the  current  is  exercised  over  a  bottom  composed 
of  equally  heterogeneous  and  resisting  elements.  It  can  be  conceived  that 
when  the  current  is  feeble  it  will  act  only  on  matter  offering  a  feeble 
resistance,  since  in  proportion  as  it  increases  it  will  put  in  movement 
matter  of  a  more  and  more  resisting  character.  Therefore  the  finest  and 
lightest  description  of  matter  will  first  be  put  in  movement,  then  succes- 
sively and  by  order  of  resistance  larger  and  heavier  substances.  Inversely 
when  the  effective  force  shall  decrease  the  solid  matter  will  be  deposited 
successively,  the  larger  and  heavier  elements  first,  and  so  on  down  to 
the  finest  and  lightest. 

Observation  entirely  confirms  this.  If  we  look  at  the  water  in  a  river 
that  has  been  low  for  a  considerable  length  of  time  we  generally  find 
that  it  is  clear.  IS  the  bed  is  composed  of  large  fragments  no  movement 
of  solid  matter  will  take  place,  but  if  it  contains  fine  and  closely  packed 
sand  the  clearness  of  the  water  is  often  compatible  with  a  certain  move- 
ment of  the  bottom  and  often  enables  us  to  perceive  the  grains  of  sand 
which  are  washed  down.  In  proportion  as  the  discharge  increases,  that  is 
to  say  the  depth  and  the  volume,  the  movement  of  the  bottom  increases 
and  becomes  faster;  shocks  are  produced,  small  whirlpools  are  formed 
and  the  solid  matter  is  no  longer  simply  rolled  along,  but  is  stirred  up 
and  mixed  with  the  water.  The  latter  becomes  first  discoloured,  then 
troubled,  then  muddy,  as  when  a  vase  containing  clear  water  and 
a  sediment  is  violently  shaken.  The  discharge  always  increasing  and 
with    it    the    effective  force   of  the  current,   solid   matter  of  a  larger 
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and  larger  size  is  put  in  motion,  and  if  we  go  down  the  river  in  a  boat 
mthout  rowing  or  making  any  noise  it  is  easy  to  hear  a  continually 
increasing  sound  mingled  with  loader  and  harsher  noises,  which  exactly 
remind  us  of  the  noise  made  by  pebbles  rolling  down  a  slope  as  they 
strike  against  one  another  and  are  frequently  hurled  a  considerable 
distance  by  the  shock.  Exactly  similar  movements  take  place  when 
pebbles  are  washed  along  in  a  water-course,  and  it  is  not  unusual  after 
a  flood  to  see  pebbles  as  large  as  one's  fist,  sometimes  as  big  as  one's 
head,  deposited  outside  the  bed  three  or  four  metres  above  the  low-water 
mark  and  beyond  the  dikes  above  which  they  have  been  cast.  This 
movement  and  noise  is  the  more  marked  as  the  discharge  increases; 
the  size  and  quantity  of  the  solid  matter  increase  at  the  same  time  and 
during  the  highest  floods  of  large  water-courses  a  sound  is  produced 
like  a  continuous  fall  and  precisely  similar  to  the  roaring  of  the  sea. 

Then  when  the  water  subsides  the  same  phenomena  are  produced 
inversely,  the  larger  fragments  are  deposited  first,  then  the  rest  succes- 
sively, the  lighter  substances  only  remaining  mingled  with  the  water, 
which   ceases  to  be  muddy,  becomes  discoloured  only,  and  finally  clear. 

To  each  permanent  state  of  the  water  therefore  corresponds  an  efieo- 
tive  force  which  should  be  counteracted  by  the  wear  and  movement  of 
the  solid  matter.  Once  the  quantity  of  matter  corresponding  to  this 
power  is  in  movement,  the  current  is  incapable  of  carrying  down  more : 
it  is  then,  as  has  been  correctly  stated,  saturated.  If  the  volume  of 
water  in  movement  or  the  incline  change,  the  saturation  capacity  also 
changes  and  the  current  deposits  or  gathers  more  solid  matter. 

These  continual  variations  in  the  efiective  force  of  the  current  or 
the  saturation  capacity  of  the  water  on  the  one  hand  and  the  resistance 
of  the  bed  on  the  other  must  have  the  effect  of  constantly  modifying 
the  form  of  the  bed,  and  this  explains  the  variable  condition  of  most 
water-courses  in  their  natural  state. 

If  these  variations  are  considerable  and  frequent,  the  form  of  the  bed 
will  be  unstable  and  continually  changing;  but  every  circumstance  which 
has  the  effect  of  decreasing  the  changes  caused  by  one  or  other  of  these 
forces,  or  of  making  them  periodically  acquire  the  same  values,  will 
restrict  the  modifications  of  the  form  of  the  bed  or  periodically  occasion 
similar  modifications.  And  as  among  the  different  phenomena  which 
take  place  on  a  water-course  we  can  distinguish  certain  things  which 
reproduce  themselves,  such  as  forces  which  are  always  exercised  in  the  same 
direction,  or  on  the  other  hand  there  are  places  where  the  resistance 
remains  the  same  either  naturally  or  in  consequence  of  improvements, 
it  is  not  impossible  to  determine  a  number  of  constant  conditions  which 
the  formation  of  a  river  should  satisfy. 

In  the  first  place  it  is  clear  that  if  the  floods  only  brought  down  an 
increased  volume  of  water,   their  effect  would  be  to  wear  away  the   bed, 
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to  deepen  it  by  degrees  and  progressively  decrease  its  incline,  until  it 
should  be  reduced  to  a  condition  where  all  movement  ceased.  But  such 
is  not  the  case.  They  wash  down,  mingled  with  the  water,  a.  quantity 
of  solid  matter  stirred  up  in  the  principal  basin  and  the  basins  of  it« 
tributaries. 

For  the  bed  to  maintain  its  general  poeition  without  being  worn  away 
or  raised,  the  volume  of  matter  brought  down  by  each  flood  must  be 
equal  to  the  amount  ejected.  It  is  evident  a  priori  that  this  equality 
will  not  be  produced  in  every  flood,  that  some  will  carry  down  more, 
otisers  less  solid  matter  and  that  a  certain  mean  stability  vrill  only 
j;  result  from  the  alternation  of  high  and  low  waters. 

in  But  the   successive   tributaries  which  a  river  receives  have  not  all  the 

9  same   nature  or  constitution.  They  will  consequently  each  have  a  differ- 

i  ent  influence  upon  the  conditions  of  the  flow  of  the  principal  water- 

I  course  and  upon  its  form. 

When  a  tributary  falls  into  a  water-course  it  is  in  a  state  of  saturation 
which  corresponds  to  the  volume  of  the  water  and  the  incline  upon  which  it 
1  flows.  The  water  with  which  it  is  abont  to  mingle  is  itself  in  a  state  of 

I  saturation  corresponding  to  its  volume  and  incline.  The  waters  and  solid 

matters   of  the   two    water-courses   intermingle.    If  the   new    volume   of 
I    '  water   and   solid  matter  corresponda  exactly  to  the  state  of  saturation  of 

f  the  mixture  as  regards  the  the  incline  at  which  it  flows,  nothing  will  be 

I  changed   in   the   movement   of  the  solid  matter,  which  will  continue  to 

'  descend  as  though  no  mingling  had  taken  place. 

',    ]  But  it  may    be    conceived   that  such   a   condition   is   not   realised   in 

practice  and  that  the  quantity  of  matter  resulting  from  the  supply  of  tiie 
1    ■  tributary   together  with   that   of  the   principal    water-course    will    never 

M  be   exactly   equal   to   that   which    corresponds   to  the  state  of  saturation 

I;  of  the  new  volume  of  water.  It  will  be  either  greater  or  less. 

j|  In  the  first  case  a  part  will  be  deposited  which  will  raise  the  bottom  and 

increase  the  incline  of  the  deposit  down  stream,  until  the  effective  force  of 
the  current  shall  have  become  sufficient  to  carry  away  all  such  supplies. 
In  the  second  case  the  water  will  become  saturated  at  the  expense  of 
the  principal  bed,  which  will  deepen  while  the  incline  down  stream  of 
the  tributary  will  decrease,  until  the  effective  force  of  the  current 
becomes  equal  to  the  power  necessary  to  remove  the  solid  matter. 

But  among  the  tributaries  which  a  water-course  receives,  there  are 
some  whose  nature  is  quieter  than  that  of  the  principal  water-course 
and  others  on  the  contrary  more  difluvial  in  character. 

The   first    will   carry   down   more  water  than  solid  matter.  After  their 

junction  the  water  in  the  main  water-course  will  be  below  the  saturation 

point,   the   bed    will   be  worn  away  and  the  confluence  will  be  followed 

by  more  pronounced  inclines  than  those  which  precede  it. 

The   others   on   the   contrary   will  carry  down  much  solid  matter  and 
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little  water.  After  their  junction  the  united  waters  will  be  powerless  to 
wash  away  the  whole  of  the  solid  matter,  a  part  of  which  will  be 
deposited,  the  bed  of  the  principal  water-course  will  rise  and  the  confluence 
will  be  followed  by  less  pronounced  inclines  than  those  which  precede  it. 

Each  tributary  therefore  in  consequence  of  the  difference  between  its 
nature  and  that  of  the  main  water-course,  will  determine  a  break  in  the 
general  incline  of  the  water-course.  This  effect  will  be  more  or  less  marked 
according  to  the  relative  importance  of  the  two  water- courses;  but  if 
the  principal  tributary  may  be  compared  as  regards  its  discharge  to  the 
main  water-course,  the  effect  will  be  considerable  and  the  resulting  modifi- 
cations will  influence  the  form  of  the  course  in  a  more  pronounced  manner 
than  such  resisting  obstacles  as  ledges  of  rock ;  they  will  continue  moreover 
until  a  distribution  of  the  inclines  is  established,  so  that  the  effective 
force  at  any  point  will  acquire  the  value  which  corresponds  to  the 
power  expended  in  ordinary  floods.  The  incline  will  then  become  con- 
stant so  far  as  it  is  possible  for  it  to  be,  that  is  to  say  that  except  in 
quite  extraordinary  floods,  which  stir  up  the  bed  to  the  very  bottom, 
changes  in  the  incline  will  be  reduced  to  an  oscillation  within  the 
narrow  limits  of  its  average  position. 

Observation  fiilly  confirms  these  remarks.  The  Rh6ne  in  particular 
offers  several  examples  which  make  the  fact  sufficiently  evident. 

In  the  middle  of  its  course  it  receives  three  tributaries  which,  without 
being  as  large  as  itself,  are  nevertheless  considerable  water-courses  — the 
Ain,  the  Sa6ne  and  the  Is^re. 

The  Ain  is  of  a  diluvial  nature,  its  discharge  at  low  water  is  very 
small,  its  discharge  at  high  water  considerable,  it  flows  over  friable  ground 
and  carries  down  large  quantities  of  solid  matter.  It  should  therefore  at 
the  confluence  occasion  a  considerable  deposit  and  its  cone  of  evacuation 
should  create  a  bar  across  the  valley,  while  determining  down  stream 
more  pronounced  inclines  than  up  stream.  In  fact  from  the  falls  of  Sault 
to  the  confluence  with  the  Ain,  that  is  over  about  30  km.  above  this 
confluence,  the  average  incline  is  0.30  m.  per  kilometre,  while  below  this 
confluence  and  as  far  as  the  confluence  with  the  Sa6ne,  over  35  km., 
the  average  incline  is  0.81  m.  per  kilometre. 

The  character  of  the  Sa6ne  on  the  contrary  is  quiet;  it  only  carries 
down  sand  and  shingle;  the  volume  of  water  is  great,  that  of  the  solid 
matter  small;  its  action  therefore  should  betheinverseofthe  Ain  and  wear 
away  the  bed  of  the  Rh6ne  and  reduce  its  incline.  In  fact  while  above 
the  confluence  this  incline  is  as  we  have  just  seen  0.81  m.  per  kilometre, 
down  stream  on  the  contrary  and  as  for  as  the  confluence  with  the  Isftre, 
over  a  distance   of  100   km.,  it  is  not  more  than  0.50  m.  per  kilometre. 

Finally  the  Is^re  has,  like  the  Ain,  a  more  diluvial  nature  than 
the  Rh6ne,  it  should  therefore  have  the  same  effect  as  the  Ain,  occasion 
a  rising  in  the  bed  and  an  aggravation  of  the  inclines  down  stream.   In 


A-* 


12 


fact,  while  between  the  Sadne  and  the  IsSre  the  average  incline  is  0.50  m. 
per  kilometre,  below  the  confluence  it  increases  to  0.775  m.  and  main- 
tains this  angle  for  a  distance  of  90  km.,  until  the  Rh6ne,  swollen  by  a 
series  of  less  important  tributaries,  carries  down  a  volume  of  water  suffi- 
cient to  reduce  the  incline  to  0.50  m.  per  kilometre. 

All  the  tributaries  evidently  do  not  act  with  the  same  force  on  the 
distribution  of  the  inclines,  but  at  a  slightly  diflferent  angle.  They  all 
have  a  similar  action  which  is  felt  by  the  introduction  of  fresh  and  less 
marked,  though  more  frequent,  breaks  in  the  form  of  the  course,  and  these 
breaks  are  determined  by  ledges  of  rock  and  the  large  tributaries.  And  as, 
at  least  as  far  as  concerns  the  time  it  is  sufficient  to  regard  for  the  duration 
of  the  regulation  works,  the  general  conditions  of  the  nature  of  the  main 
water-course  and  of  the  tributaries  are  very  slightly  variable,  the  influ- 
ence of  each  tributary  is  always  felt  in  the  same  direction  and  will  always 
tend  to  give  a  certain  permanency  to  the  form  of  the  course  and  the 
position  of  the  deposits. 

Still  this  influence  is  not  alone  to  be  considered ;  if  it  is  predominant 
in  the  case  of  large  tributaries  it  is  less  so  when  they  are  small;  its 
efiects  must  combine  with  those  produced  in  the  main  bed  and  which 
result  from  the  distribution  of  the  resisting  forces  throughout  its  length. 
And  it  will  immediately  be  understood  that  the  form  of  the  course  and 
the  position  of  the  deposits  will  become  the  more  constant  as  the  situa- 
tion of  the  resisting  forces  shall  itself  be  more  fixed. 

It  is  therefore  important  to  describe  the  influence  which  the  distribution 
and  nature  of  the  resisting  forces  met  with  in  the  bed  of  the  water- 
course exercises  upon  the  general  conditions  of  its  form  and  inclines. 

Let  us  first  examine  the  form  of  the  river.  If  we  suppose  a  recti- 
linear bed,  the  transverse  section  of  which  is  rectangular  and  in  which 
the  water  flows  with  a  depth  and  incline  such  that  the  efiective  force  of 
the  current  is  insufficient  to  put  in  motion  the  solid  matter  which  con- 
stitututes  the  bottom  and  the  banks,  the  flow  will  continue  indefinitely 
without  causing  any  change  in  the  form  of  the  bed  or  the  course.  This 
is  what  takes  place  for  example  in  a  canal  of  masonry. 

But  if  the  bottom  is  not  absolutely  resisting,  when  the  discharge  and 
the  depth  increase  the  effective  force  of  the  current  will  become  superior 
to  the  resistance  of  the  bottom  and  the  movement  of  solid  matter  will 
commence.  In  order  that  the  section  should  remain  rectangular  and  the 
bed  rectilinear,  it  would  be  necessary  that  at  every  point  the  quantity  of 
solid  matter  carried  off  should  have  exactly  the  same  thickness,  which 
would  require  that  the  effective  force  and  the  resistance  should  every- 
where be  constant.  It  is  evident  that  this  conditon  is  never  fulfilled  in 
natural  water-courses.  On  the  contrary,  the  volume  of  water  will  find 
before  it  materials  offering  very  different  resistance  and  the  current  will 
open   a  passage  and  establish  itself  in  the  line  where  it  meets  with  least 
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resistance.  A  thalweg  will  thus  be  formed,  that  is  to  say  a  line  where  the 
depth  is  greatest,  and  upon  this  line  the  effective  force  of  the  current  will 
increase  while  it  decreases  over  the  rest  of  the  bed.  The  scouring  process 
will  therefore  become  more  and  more  energetic  until  a  new  form  of 
course  is  obtained  in  which  there  will  everywhere  be  equilibrium. 

The  current  will  therefore  find  itself  turned  aside  from  its  primitive 
direction  parallel  to  the  banks  and  thrown  against  one  of  them.  If  this 
bank  is  unassailable  the  force  will  be  spent  in  whirlpools  which  wear 
away  the  bed  and  the  current  will  cross  over  to  the  opposite  bank,  it 
will  pass  from  one  to  the  other  and  pursue  a  more  or  less  sinuous 
route,  the  form  of  which  will  be  determined  by  the  new  initial  direction 
of  the  water  and  the  stability  of  the  bottom.  If  the  bank  is  not  unas- 
sailable it  will  be  washed  away,  the  deviation  of  the  current  will  be 
accentuated  and  this  effect  will  continue  until  sufficient  resistance  is  met 
with  to  cause  a  turn  in  the  current.  The  same  thing  will  take  place 
therefore  in  either  case,  the  change  in  direction  or  the  curve  followed 
by  the  new  bank  only  being  more  accentuated  in  the  second  case  than 
in  the  first. 

It  is  evident  moreover  that  one  bend  will  be  followed  by  another  and 
then  a  third,  so  that  whether  between  unassailable  or  between  crumbling 
banks  the  current  will  follow  a  sinuous  course  and  pass  continually 
from  one  bank  to  another. 

The  sinuous  forms  which  all  rivers  present  is  therefore  not  only 
general  but  also  necessary  and  results  from  the  heterogeneous  con- 
stitution of  the  bed;  but  we  can  easily  understand  the  influence 
exercised  upon  the  constancy  of  the  channel  by  the  consolidation  of 
the  banks;  it  limits  the  extent  to  which  they  are  washed  away  and 
more  especially  affects  their  form  which,  by  determining  the  points 
where  these  bends  occur  and  the  direction  of  them,  that  is  the  initial 
direction  of  the  current  when  it  abandons  one  bank,  leaves  only  the 
resistance  of  the  bed  as  a  variable  element  of  its  ulterior  direction. 

The  transverse  section  gives  rise  to  equally  important  observations. 
We  have  pointed  out  that  the  rectangular  form  of  this  section,  that  is 
to  say  the  absolute  flatness  of  the  bottom,  was  not  more  constant  than 
the  rectilinear  direction  of  the  current,  and  we  have  observed  that  this 
section  deepens  first  where  the  soil  presents  the  least  resistance ;  but 
after  this  first  modification  has  been  produced  the  depth  and  the  incline 
cease  to  be  constant  and  the  effective  force  of  the  current  varies  from 
one  point  to  another  in  the  section.  The  position  in  the  section  of  the 
deepest  hollows,  and  consequently  the  position  of  the  line  of  the  thalweg^ 
will  therefore  depend  at  once  upon  the  resistance  of  the  bed  and  all  the 
circumstances  calculated  to  influence  the  effective  force  of  the  current. 

When  the  current  strikes  against  one  resisting  bank  from  which  it 
crosses  over  to  the  other,  the  waters  successively  arrested  by  the  obstacle 
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they  meet  with  create  a  pressure  which  must  be  counterbalanced  by  an 
opposite  pressure  and  the  level  rises  along  the  wall  that  is  struck.  The 
same  thing  occurs  for  the  same  reason  when  the  current  follows  the 
concave  bank;  the  centrifugal  force  drives  the  water  against  the  bank 
and  is  counterbalanced  by  a  pressure  of  the  water  nearest  the  bank,  the 
level  of  which  is  raised.  In  both  these  forms  the  surface  of  the  water  is 
not  horizontal  in  the  transverse  section ;  it  indicates  a  rise  against  the 
bank,  a  deviation  which  it  is  easy  to  observe  and  is  often  pronounced 
enough  to  be  apparent  to  the  eye. 

The  consequences  of  this  as  far  as  the  shape  of  the  course  is  concerned 
are  sufficiently  important  for  it  to  be  useful  to  examine  them  in  detail, 
and  to  simplify  our  explanations  we  will  first  take  the  case  that  most 
frequently  occurs,  namely  that  of  a  cencave  curve  (1). 

We  have  said  that  as  any  given  volume  of  water  approaches  the  bank  it 
exercises  on  that  immediately  in  front  of  it  a  pressure  which  must  be 
counterbalanced  by  a  rising  of  the  surface;  but  as  the  speed  is  not  the 
same  throughout  a  section  of  the  current,  being  greater  near  the  surface 
than  the  bottom,  the  pressure  exercised  by  one  section  will  not  be  equally 
distributed  over  the  whole  of  the  preceding  section;  the  upper  stratum 
animated  by  a  greater  speed  will  exercise  a  greater  pressure,  and  the 
lower  stratum  a  less  pressure  than  the  middle  stratum.  The  upper  stratum 
will  therefore  force  back  that  which  immediately  precedes  it  and  will 
create  a  cross  current  against  the  bank.  This  may  be  easily  observed. 
Against  the  bank  the  strata  successively  swamped  by  the  succeeding 
strata  will  gradually  sink  down  and  thus  create  a  descending  current; 
arrived  at  the  bottom  and  meeting  with  strata  that  exercise  less  pressure 
they  force  back  the  latter  and  create  a  cross  current,  leave  the  concave 
bank  and  return  to  their  point  of  departure  creating  an  ascending  cur- 
rent along  the  opposite  bank.  So  that  at  the  same  time  that  they  take 
part  in  the  general  movement  of  the  translation  of  the  mass  of  water, 
they  follow  a  sort  of  circular  movement  in  the  transverse  section,  and 
finally  their  resulting  movement  being  very  different  from  the  movement 
of  parallel  currents  will  be  somewhat  spiral  in  character. 

This  movement  will  necessarily  influence  that  of  the  solid  matter.  If  we 
first  suppose  the  bottom  to  be  horizontal  the  effective  force  of  the  current 
will  be  greater  where  the  depth  itself  is  greater,  that  is  to  say  on  the 
side  where  the  deviation  takes  place ;  as  the  water  must  become  saturated 
with  solid  matter  it  will  carry  away  more  from  the  concave  than  the 
convex  side,  and  as  the  movement  constantly  carries  it  from  the  concave 
to  the  convex  bank,  where  the  effective  force  of  the  current  is  less,  a 
part  of  the  solid  matter  will  be  there  deposited.  This  effect  will  gradually 


(1)   BoussiNESQ.   Essai  sur  la  th^rie  des  eaux  courantes.  Du  BoTS.  Annates  des  Fonts 
et  chaussto,  1879. 
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become  more  marked,  because  the  difference  between  the  two  banks  will 
continue  to  increase  until  the  talus  of  the  convex  side  shall  have  assumed 
an  incline  sufficient  for  the  force  of  gravitation  to  stop  the  cross  move- 
ment of  solid  matter. 

If  the  bed  is  very  wide  it  may  happen  that  the  energy  of  the  cross 
current  is  insufficient  to  effect  the  transport  of  the  solid  matter  over  its 
entire  width  as  far  as  the  convex  bank;  the  deposit  will  then  take  place 
before  arriving  at  this  bank,  near  the  middle  of  the  bed,  and  two  thal- 
wegs will  be  formed,  the  principal  one  in  the  neighbourhood  of  the  con- 
cave bank,  the  secondary  one  near  the  convex  bank  and  separated  from 
it  by  a  bar  lying  in  almost  the  same  direction  as  the  banks. 

If  on  the  contrary  the  energy  of  the  cross  current* is  sufficient  as 
regards  the  width  of  the  bed  for  the  removal  of  solid  matter  to  be  effected 
as  far  as  the  convex  bank,  there  will  be  but  one  thaltveg  in  the  neigh- 
bourhood of  the  concave  bank,  and  the  transverse  section  will  acquire 
a  form  similar  to  that  of  a  triangle  the  base  of  which  is  formed  by  the 
surface  of  the  water  and  the  apex  is  on  the  line  of  the  thalweg. 

If  the  bend  in  the  river  is  very  sharp  the  deviation  will  be  very 
pronounced  and  the  energy  of  the  cross  current  very  great;  consequently 
exactly  at  the  foot  of  the  concave  bank  the  bed  will  be  deep,  while  on 
the  convex  bank  the  deposits  will  be  considerable  and  capable  of  keeping 
their  position  upon  a  fairly  sloping  incline;  the  convex  bank  will  advance 
and  contract  the  bed  as  it  becomes  dug  out.  That  is  to  say  the  channel 
will  be  deeper  and  narrower  and  the  thalweg  nearer  the  bank  in  pro- 
portion as  the  curve  of  this  bank  shall  itself  be  sharper. 

Moreover  it  is  clear  that  similar  effects  will  be  produced  along  any 
resisting  obstacle  or  sharp  projection  against  which  the  current  shall  be 
directed,  produce  a  deviation  and  lose  a  portion  of  it  force.  The  intensity 
and  extent  of  these  effects  will  depend  on  the  length  and  direction  of 
the  obstacle  or  bank  and  also  on  its  form. 

If  the  resisting  bank  has  a  very  gentle  slope  the  rising  water  will  be 
disposed  of  without  difficulty,  the  deviation  will  be  hardly  perceptible 
and  the  deepening  of  the  bed  inconsiderable.  If  on  the  contrary  the 
resisting  bank  consists  of  a  steep  slope  or  is  perpendicular  like  a  wall,  a 
dike  or  a  wall  of  rock,  the  rising  water  is  confined,  the  deviation  is 
sharper  and  the  deepening  more  considerable.  Finally,  if  the  obstacle  is 
very  high  the  same  effects  will  be  produced  whatever  the  condition  of 
the  water  may  be,  that  is  to  say  the  same  in  time  of  flood  as  when  the 
water  is  at  its  avenge  level,  and  they  will  be  the  more  marked  as  the 
forces  at  work  are  more  considerable. 

Every  obstacle,  every  oblique  or  concave  resisting  bank  therefore  has 
the  effect  of  deepening  the  bed  in  its  neighbourhood,  and  the  more  so  as 
it  is  more  resisting,  abrupt,  perpendicular  or  oblique  or  has  a  sharper 
curve  or  greater  height;  and  as  it  constitutes  a  permanent  cause,  at  least 
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relatively,   its   action    will  not  only  occasion  an  increased  depth  but  will 
also  maintain  it. 

It  remains  for  us  to  examine  what  takes  place  in  the  longitudinal 
section.  It  can  be  conjectured  that  the  same  causes  which  produce  sinu- 
osities and  an  inequality  of  depth  in  the  transverse  section  will  have  a  simi- 
lar effect  in  the  longitudinal  section  and  will  prevent  a  uniformity  of  incline. 

The  distribution  of  depths  in  the  transverse  section  depends  upon  the 
resistance  of  the  bottom,  and  at  the  same  time  upon  the  form  and  nature 
of  the  banks  which  modify  the  movement  of  the  water  and  eflfective 
force  of  the  current.  These  circumstances  are  not  the  same  in  all  sections 
and  consequently  the  maximum  depths  with  not  be  the  same  and  will 
not  occupy  the  same  positions.  On  the  other  hand  as  the  sinuous  form 
draws  the  current  from  one  bank  to  the  other,  each  bank  will  alternately 
present  points  where  local  conditions  help  to  maintain  the  depths  and 
will  consequently  be  unfavourable  to  the  formation  of  deposits.  Prom 
which  it  results  that  when  after  a  flood  the  solid  matter  stops,  it  is 
between  these  points,  generally  in  passing  from  one  bank  to  the 
other,  that  deposits  will  be  produced,  of  which  the  form,  importance  and 
set  will  depend  at  once  on  the  local  conditions  and  the  peculiar  nature 
of  the  flood. 

Therefore  after  the  flood  haa  passed  and  the  movement  of  solid  matter 
is  suspended  the  profile  of  the  thalweg,  the  locibs  of  points  where  the 
bed  is  alternately  deep  and  shallow,  will  be  composed  of  a  series  of 
inclines  and  counter-inclines  fluctuating  from  one  side  to  the  other  of 
the  mean  incline  of  the  water-course.  And  the  bed  will  consist  of  a 
succession  of  hollows  sometimes  near  one  bank,  sometimes  near  the 
other,  and  separated  by  ridges  of  which  the  form,  height  and  set  will 
vary  from  one  point  to  another. 

Regular  observation  confirms  this  induction.  All  the  soundings  taken  in  a 
river  indicate  this  form,  and  it  becomes  perfectly  apparent  in  rivers  with  a 
variable  discharge  when  the  volume  of  water  becomes  very  small.  And 
if  the  discharge  becomes  absolutely  nil,  as  happens  for  instance  at  the 
time  of  low  water  in  a  secondary  branch  fed  only  at  the  average 
water-level,  instead  of  an  absolutely  dry  bed,  as  would  be  observed  if 
the  incline  was  uniform  or  always  in  the  same  direction,  a  series  of 
small  lakes  is  met  with,  filled  with  smooth  water  and  separated  by 
perfectly  dry  bars. 

To  a  more  or  less  marked  degree  this  form  is  met  with  in  all  rivers 
and  the  flow  actually  occurs  as  in  artificially  dammed  rivers.  The  form 
of  the  bottom  reacts  upon  the  profile  and  the  ledges  cut  up  this  profile 
into  a  series  of  reaches  with  gentle  inclines  separated  by  rapids.  This 
form  is  especially  met  with  at  low  water;  in  proportion  as  the  water 
rises  the  ledges  becoming  more  and  more  submerged  disappear  and  the 
local   irregularities   are  toned  down.  Moreover,  they  are  the  more  marked 
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as  the  general  incline  of  the  water-course  is  more  pronounced,  the  discharge 
more  variable,  the  bottom  more  unstable  and  its  accidents  more  decided. 

Nevertheless  between  rivers  artificially  dammed  and  natural  water- 
courses there  is  another  difference  besides  the  magnitude  of  the  effects 
produced,  namely  that  in  the  former  the  position,  the  set  and  the  height 
of  the  dams  are  absolutely  fixed,  while  in  the  latter  they  are  variable. 

In  fact  if  we  consider  the  moment  in  which  the  discharge  is  sufficiently 
feeble  for  no  movement  of  solid  matter  to  be  produced,  the  form  of  the 
bed  and  the  situation  of  the  ledges  will  not  vary  as  long  as  the  water 
does  not  rise.  But  when  a  flood  occurs  the  effective  force  of  the  current 
will  become  sufficient  to  put  the  materials  in  movement,  the  form  of 
the  bed  will  change  and  its  disfigurement  will  increase  to  the  maximum; 
then  when  the  water  subsides  an  inverse  change  will  take  place  which 
will  contiue  until  by  the  decrease  in  the  discharge  the  effective  for<^  of  the 
current  will  everywhere  become  inferior  to  the  resistance  of  the  bed,  all 
movement  of  solid  matter  will  cease,  and  the  form  will  change  no  more. 
By  this  time,  the  solid  matter  which  carpeted  the  bed  before  the 
flood  and  which  was  carried  away  during  the  rising  of  the  water 
will  be  replaced  by  that  which  has  been  brought  down  and 
deposited  as  the  water  subsided;  but  it  may  be  that  'the  quantity 
and  position  are  not  the  same.  In  fact  all  floods  are  not  alike,  but 
differ  in  nature  and  importance;  in  some  diluvial  tributaries  predo- 
minate, in  others  peaceful  tributaries.  Each  one  finds  before  it  a 
different  bed  to  the  floods  that  have  gone  before  and  has  a  different 
flow  while  rising  and  falling.  After  it  has  passed  it  will  leave,  like  those 
that  have  preceded  it,  a  sinuous  bed  formed  of  a  series  of  channels  sepa- 
rated by  ridges,  because  for  this  general  character  to  be  produced  it  is 
only  necessary  that  the  uneven  resistance  of  the  bed  shall  remain  a 
permanent  cause  in  spite  of  the  variety  ot  the  floods;  but  it  is  evident 
that  the  form  of  the  bed,  the  direction  of  the  banks,  the  varieties  in 
depth,  the  position,  set  and  relief  of  the  ridges  will  be  modified. 

These  modifications  will  be  more  or  less  considerable  according  to  the 
differences  presented  by  successive  floods,  and  according  to  the  differences 
they  meet  with  in  the  form  and  resistance  of  the  bed  and  the  banks. 

For  this  reason  after  every  flood  continual  upheavals  are  met  with 
on  most  natural  water-courses,  while  on  the  contrary  in  those  whose 
banks  are  absolutely  constant  and  determine  by  their  form  the  position 
of  the  different  depths,  the  form  of  the  bed  changes  little  in  ordinary 
floods,  the  variations  in  depth  are  reproduced  in  places  favourable  for  their 
formation  and  the  deposits  always  reform  in  approximately  the  same 
place,  varying  only  in  their  set  and  relief  according  to  the  nature  and 
quantity  of  the  solid  matter  in  movement. 

This  comparative  constancy  constitutes  a  considerable  improvement 
for   property   along   the  river-banks,  but  an  insufficient  improvement  for 
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purposes  of  Davigation ;  for  the  chief  difficulties  coDeist  precisely  in  the  relief 
and  set  of  ridgee  that  must  be  removed,  but  it  simplifies  the  problem 
and  in  many  cases  allows  of  a  satisfactory  solution. 

We  will  confine  ourselves  to  these  general  observations  which  might 
easily  be  developed  and  extended,  but  it  is  sufficient  to  draw  attention 
to  some  of  the  esBential  facts  when  regulation  works  are  to  be  undertaken, 
and  we  will  summarise  as  follows: 

1.  Natural  wiater-courBea  carry  down  solid  matter  udtk  the  water.  The  ^uanltfy 
of  this  vtatter  dependa  on  the  resistance  offered  by  the  bed  and  the  soil 
composing  the  basin;  it  increases,  all  things  being  eqttal,  tnth  the  volume  of 
water  and  the  incline. 

The  movement  of  the  loafers  is  periodical ;  they  jtasa  from  a  Jedile  to  a 
greatly  increased  discharge,  once  started  they  oonfinue  their  movement  viithout 
stopping  until  they  reach  the  sea.  The  movement  of  solid  matter  follows  that  oj 
the  waters,  but  instead  of  being  continuous  it  is  intermittent  and  is  effected  by  stages. 

2.  The  form  of  all  water-courses  is  sinuous,  consisting  of  a  series  of  curves 
and  counter-curves  which  are  connected  more  or  less  abruptly. 

3.  The  depth  is  unequally  distributed  in  the  cross  section,  being  greater  in  those 
parts  of  the  bed  which  offer  least  resistance  to  the  current.  Resisting  or  sharp  pro- 
jecting obstacles  ai 

4.  The  profile 
but  a  certain  nui 
determined  by  t 
composed  of  a 
line  as  they  ap 
rising  and  falli 
distribution  of  rt 

6.  The  bed  i 
form  is  the  mi 
it  is  espedally 
marked  and  the 
the  discharge  inc 

6.  Every  flood 
bed  and  modifies 
character,  the  «i 
differs  from  it 
sinuosities,  the  ; 
of  the  ridges. 

But  when  in 
floods  only  Tnodi 
have  passed  the 
ledges  reform  wl 
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11. 

Regulation    Works, 

CONFINEMENT  OF  THE  BED. 

The  first  operations  effected  on  rivers  are  ordinarily  for  the  protection 
of  property  against  the  crumbling  away  of  the  banks  and  against  inun- 
dations. They  consist  in  the  building  of  revetments  along  the  banks, 
groins  to  draw  off  the  current  from  the  banks  and  dikes  to  prevent  over- 
flowing. But  as  they  have  been  undertaken  in  dififerent  epocs,  often  in 
ancient  times,  without  any  methodical  plan,  without  being  viewed  as  a 
whole,  they  have  not  as  a  rule  increased  the  facilities  of  navigation  and 
sometimes  have  even  created  obstacles. 

Regulation  works  properly  so  called,  and  in  general  all  works  of  which 
the  main  object  is  the  improvement  of  the  condition  of  rivers  with 
respect  to  navigation,  have  only  been  attempted  within  quite  recent 
times  and  were  not  carried  out  to  any  large  extent  until  the  opening  of 
railroads.  The  regularity  of  transport  which  has  been  the  result  has 
become  an  imperative  necessity  to  trade,  and  it  is  now  essential  to 
take  means  to  render  it  possible  upon  navigable  ways  by  improving 
their  form,  increasing  their  depth  and  lengthening  the  period  during 
which  they  may  be  used  to  advantage. 

The  problem  is  therefore  comparatively  new.  Wherever  it  has  been 
possible  it  has  been  found  perfectly  satisfactory  to  canalise  rivers  by 
means  of  moveable  dams.  But  where  various  reasons,  the  examination  of 
which  would  lead  us  astray  from  the  subject  which  occupies  us,  have  made 
it  desirable  to  abandon  this  means  for  the  regulation  of  the  free  course 
of  the  river,  the  problem  has  become  much  more  difficult  and  the  solu- 
tions of  it  less  complete  and  still  susceptible  of  numerous  improvements. 
This  gives  a  real  interest  to  the  examination  of  the  attempts  that  have 
been  made  and  to  a  knowledge  of  the  results  obtained. 

In  regulation  works,  such  as  are  generally  effected,  it  is  usual  to  com- 
mence by  gathering  into  one  bed  the  water  in  the  false  branches.  Irregula- 
rities in  the  banks  of  this  single  channel  are  next  removed,  the  sharpness 
of  their  outline  is  smoothed  down  and  it  is  endeavoured  to  give  their 
form,  as  far  as  regards  their  greatest  depth,  a  direction  that  may  easily 
be  followed.  We  seek  therefore,  especially  by  confining  the  waters  within 
the  summer  bed  by  constructive  works  sufficiently  near  together,  to  obtain 
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a  flow  with  the  requisite  depth  by  the  double  effect  of  the  swelling  pro- 
duced by  the  contracting  works  and  of  the  more  energetic  action  they 
exercise  in  wearing  away  the  ridges  and  scouring  the  bottom. 

The  first  operation  requires  no  particular  observation;  the  necessity 
of  it  is  evident.  Navigation  is  generally  easy  when  there  is  a  fair  quan- 
tity of  water;  difficulties  only  commence  when  the  discharge  decreases. 
The  first  condition  therefore  is  to  lose  nothing  that  can  be  disposed  of 
and  to  gather  into  the  channel  of  navigation  all  the  water  in  the  river 
in  the  dry  season. 

The  regulation  of  the  form  of  the  banks  is  a  much  more  delicate 
operation,  first  because  local  circumstances  often  occasion  considerable 
inconvenience  and  because  the  expense  is  much  less  and  the  result  more 
certain  when  too  great  displacement  of  the  bed  is  avoided. 

In  some  rivers  the  form  is  simply  composed  of  arcs  of  a  circle  con- 
nected by  straight  lines,  in  others  a  sinuous  form  or  a  system  of  conti- 
nuous curves  has  been  adopted;  but  whatever  the  forms  adopted  maybe 
they  are  nearly  always  sinuous  and  must  conform  to  certain  general 
principles  dictated  by  experience. 

Long  straight  reaches  give  rise  to  an  uncertain  and  variable  thalweg; 
moreover  by  decreasing  the  distance  they  increase  the  incline  and  the 
speed  and  are  detrimental  to  the  formation  and  maintenance  of  a  deep 
channel. 

On  the  other  hand  sharp  curves  fix  the  thalweg^  but  they  determine 
the  formation  of  a  deep  and  narrow  channel,  a  circumstance  which  as 
well  as  the  sharpness  of  the  curves  renders  the  passage  of  boats  very 
difficult. 

Curves  of  large  radius  offer  neither  of  these  inconveniences  and  on  this 
account  they  are  generally  adopted  when  possible.  However,  without  it 
being  possible  to  formulate  precise  rules,  there  are  certain  proportions  it 
is  well  to  observe  between  the  width  of  the  bed,  the  radius,  the  length 
and  the  height  of .  the  curves.  If  for  instance  the  height  taken  between 
the  top  of  the  curve  and  the  tangent  common  to  two  inverse  contiguous 
curves  was  less  than  the  width  of  the  bed,  a  direct  current  might  form 
between  the  constructive  works  and  the  channel  being  insufficiently 
guided  would  be  inconstant;  in  general  the  condition  necessary  to  avoid 
this  inconvenience  is  found  naturally  fulfilled  in  the  comparatively  narrow 
summer  bed,  but  it  is  necessary  to  consider  it  with  regard  to  the  winter 
bed  which  is  much  wider,  because  a  defective  direction  in  the  main  cur- 
rent of  the  high  waters  might  occasion  very  serious  disturbances  in  the 
channel  of  the  low  waters.  In  the  same  way  it  is  necessary  to  prevent 
the  current  when  it  abandons  one  concave  bank,  that  is  to  say  the  direc- 
tion of  the  tangent  at  the  point  where  the  direction  changes,  from  run- 
ning into  the  opposite  bank  where  it  is  convex;  this  latter  would  be 
attacked   if  it   was  not  protected  and  the  form  of  the  bed  would  be  dis- 
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torted;  and  even  if  it  were  protected  deep  places  would  form  none  the 
less  at  the  foot  of  the  protecting  works  and  these  would  also  cause  dis- 
tortion in  the  channel. 

The  conditions  necessary,  together  with  the  local  circumstances  that 
have  to  be  submitted  to,  generally  indicate  the  solution  to  be  adopted 
for  the  form  of  banks  within  rather  narrow  limits,  between  which  there 
remains  however  a  certain  latitude.  It  is  necessary  to  take  advantage  of 
these  conditions  to  give  the  banks  the  most  suitable  form  for  the  satis- 
factory distribution  of  the  variations  in  depth. 

General  experience  and  the  precise  observations  of  M.  Farguk  upon 
the  Garonne  have  clearly  shown  the  superiority  of  continuous  curves  in 
this  respect. 

Finally  the  most  difficult  question  remains,  namely  the  determina- 
tion of  the  distance  between  the  banks  or  of  the  mean  width  of  the 
normal  profile  corresponding  to  a  given  discharge. 

This  width  is  calculated  by  means  of  the  well  known  formula  for 
permanent  movement  in  open  canals: 

in  which  i  is  the  mean  incline  of  the  river  throughout  the  part  under 
consideration  and  where  the  discharge  is  the  same,  u  the  mean  speed 
and  R  the  average  radius  *)  which  in  large  water-courses  differs  little 
from  the  mean  depth. 

As  to  the  coefficient  6,  sometimes  that  which  results  from  experiments 
which  have  gone  to  establish  the  formula  is  adopted,  choice  being  given 
to  those  experiments  in  which  the  nature  of  the  walls  of  the  canal  used 
for  them  resembles  as  nearly  as  possible  the  conditions  met  with  on  a 
river;  at  other  times  for  the  sake  of  greater  precision  it  is  determined  by 
direct  experiment  on  the  water-course  in  question. 

So  that  if  L  =  mean  width  required  and  Q  =  discharge  of  that  part  of 
the  river  under  consideration, 

Q=LXRXu 
and  therefore 


LH  =  b 


R^ 


where  all  the  letters  represent  known  quantities  if  the  mean  depth  R  be 
determined. 

Sometimes  the  depth  of  water  it  is  sought  to  obtain  is  simply  taken 
for  the  value  of  R,  or  by  an  examination  over  the  whole  river  where  the 
discharge  remains  equal  to  Q  a  mean  depth  R^  is  sought  for  by  making 


*)  UJl  is  the  section  and  x  the  wet  perimeter  R  =  — 
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calculations  upon  a  great  number  of  sections ;  at  the  same  time  the 
minimum  depth  t  is  taken,  naturally  on  the  same  section  of  the  river, 
and  the  mean  depth  R  is  thus  obtained;  this  is  to  be  introduced  into 
the  formula  for  the  determination  of  the  mean  normal  width  from  either 
of  the  following  equations  in  which  T  =  depth  of  water  required : 


iJ  -  r  =  jR,  —  « 


or 


R 
T 


t 


which  are  evidently  both  arbitrary. 

The  width  of  the  section  being  thus  calculated,  the  bed  it  is  required 
to  create  may  be  confined  either  by  dikes  running  parallel  to  the  course, 
or  by  cross  works  which  at  intervals  determine  the  normal  profile.  The 
choice  between  these  two  methods  depends  upon  circumstances.  On  rivers 
with  a  considerable  incline  leading  dikes  are  generally  employed,  on  others 
preference  is  generally  given  to  cross  works.  Where  the  nature  of  the 
materials  to  be  disposed  of  makes  it  desirable  to  use  stone  for  these  struc- 
tures dikes  are  most  generally  used,  but  the  contrary  is  the  case  when 
it  is  a  question  of  fascine-work  which  is  more  easily  placed  crosswise 
than  the  other  way. 

Dikes  guide  the  current  better  when  the  speed  is  great;  groins  more 
easily  provoke  accretion ;  but  the  great  advantage  which  the  latter 
present  when  they  can  be  employed  is  that  by  lengthening  them  it  is 
easy  to  modify  the  profile  adopted  in  the  first  instance.  It  is  easily 
understood  how  uncertain  is  the  determination  of  the  width  by  the 
formulae  that  we  have  given ;  the  variety  that  we  have  pointed  out  in 
the  manner  of  applying  them  would  be  sufficient  to  show  the  many 
chances  of  error  which  their  use  entails.  These  errors  are  much  more 
easily  corrected  with  leading  dikes  than  with  cross  groins,  for  it  should 
be  remarked  that  when  works  of  this  nature  are  constructed  to  modify 
the  width  of  the  profile  adopted,  it  is  nearly  always  with  a  view  to 
contracting  it  and  this  may  be  due  to  many  causes:  either  from  motives 
of  prudence  a  very  marked  contraction  has  not  been  made  in  the  first 
instance,  or  it  has  been  necessary  to  construct  the  projected  works  at  a 
comparatively  high  level  and  the  profile  has  been  established  for  the 
discharge  at  the  average  water-level,  and  when  the  water  is  low  and  the 
works  should  come  into  play,  they  remain  separated  from  the  channel 
which  not  being  confined  by  them  fluctuates  in  the  gap  between  them; 
or  again  it  is  recognised  that  they  have  not  fulfilled  the  expections 
formed  of  them,  that  the  depth  it  was  sought  to  obtain  has  not  been 
reached  and  it  has  become  indispensable  to  try  to  increase  it  by  resort- 
ing to  further  contraction.  When  the  channel  is  confined  by  dikes 
there   is   no   other   resource   than   to   build  new  ones,   a  method   which 
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presents  many  inconveniences  besides  its  expense;  with  cross  groins 
the  modification  of  the  profile  may  be  satisfactorily  effected  at  a  moderate 
cost,  because  it  is  sufficient  to  lengthen  the  groin  at  low  water-level, 
which  in  reality  produces  two  distinct  profiles  —  one  for  low  water  and 
another  for  the  average  level.  This  very  rational  system  is  met  with  on 
many  rivers,  having  either  been  adopted  in  course  of  time  or  introduced 
since  the  commencement  of  the  works. 

But  this  advantage  however  real  it  may  be  could  not  give  the  cross 
works  the  qualities  they  want  for  certain  purposes  and  especially  for 
guiding  the  current  into  the  sharper  concave  curves  and  more  consi- 
derable inclines ;  therefore  in  a  great  number  of  cases  a  mixed  system 
has  been  adopted  in  which  each  kind  of  work  has  been  employed 
wherever  either  was  found  most  suitable. 

Such  are  the  main  characteristics  and  rules  most  followed  for  regu- 
lating by  means  of  the  confinement  of  the  bed.  The  application  of  the 
method  on  different  rivers  presents  very  sensible  differences,  both  as 
regards  the  principles  which  regulate  the  forms  of  rivers,  the  methods  of 
calculating  the  normal  profile  and  the  choice  of  the  works  by  which  the 
confinement  is  effected. 

But  whatever  these  differences  may  be  the  principle  remains  the  same, 
viz.  to  determine  with  reference  to  the  known  incline  and  discharge  the 
profile  corresponding  to  the  flow  with  the  requisite  depth  and  to  induce 
the  regulated  course  of  the  river  to  follow  it  throughout,  as  long  as  the 
discharge  remains  the  same,  either  continuously  by  the  help  of  leading 
dikes,  or  by  the  placing  of  groins  at  intervals. 

Thus  by  gauging  the  river  as  it  were  and  fixing  the  normal  profile, 
which  would  be  found  in  a  channel  with  a  regular  incline  and  constant 
depth,  we  endavour  to  provoke  this  regularity  of  incline  and  depth. 

This  method  was  for  years  adopted  on  the  Rh6ne  to  the  exclusion 
of  nearly  all  other  systems  up  to  1882.  It  has  often  given  excellent  local 
results  and  it  would  be  easy  to  mention  many  important  sections  on  this 
river  which  have  been  greatly  improved  by  it  and  the  success  of  some  has 
even  been  greater  than  expected;  but  it  has  also  occasioned  numerous 
mistakes  and  these  mistakes  have  become  more  frequent  in  proportion 
as  the  works  have  been  more  extensive  and  it  has  been  possible  to 
judge  well  of  their  effect,  not  only  on  the  rectified  portion,  but  also  on 
the  neighbouring  sections.  This  effect  which  is  nearly  always  detrimental 
is  the  same  when  a  small  portion  of  the  river  is  regulated  or  a  considera- 
ble distance  is  included  in  the  improvements.  And  it  is  easy  to  see 
that  it  could  not  well  be  otherwise  considering  that  the  principles  upon 
which  the  works  are  arranged  are  the  same. 

Prom  the  explanations  given  by  us  in  the  first  part  of  this  Report  it 
results  that  the  bed  of  a  water-course  consists  of  a  series  of  comparatively 
deep  hollows   separated   by   ridges   or   ledges;    the   profile  of  the  water 
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presents  but  a  slight  incline  upon  the  hollows  and  a  fall  upon  the  ridges. 
The  depth  of  water  is  always  less  upon  the  ridges  and  it  is  these  that 
give  most  trouble  and  must  be  regulated.  To  increase  the  depth  which 
is  insufficient  the  ridge  is  enclosed  for  a  certain  distance  above  and 
below  by  works  which  reduce  the  width  of  the  bed,  as  has  been  said 
above,  to  the  dimensions  calculated,  which  correspond  to  the  flow 
with  the  requisite  depth.  If  the  bottom  is  resisting  our  expectations  are 
realised  and  the  estimated  increase  in  depth  is  approximately  obtained, 
but  such  is  not  generally  the  case;  if  the  bottom  is  unstable,  it  is  com- 
posed of  matter  which,  where  the  confinement  is  eflTected,  the  water  is 
no  longer  able  to  wash  away  after  the  floods  have  subsided  on  account 
of  its  depth  and  incline. 

The  confinement  modifies  the  state  of  things  to  which  the  formation 
of  the  bed  is  due  and  by  increasing  the  depth  the  eflTective  force 
of  the  current  is  augmented,  the  bottom  is  scoured,  the  ridge  is 
removed  and  the  requisite  depth  is  obtained  and  often  even  sur- 
passed; but  at  the  same  time  the  bar  disappears  which  retained  the 
water  in  the  hollow  above  it,  and  this  hollow  also  disappears.  What 
takes  place  in  this  case  is  precisely  analogous  to  what  happens  in 
a  canalised  river  when  a  dam  is  lowered  —  the  obstacle  disappears, 
the  water  of  the  reach  sinks,  and  the  fall  is  added  to  that  of  the 
dam  above,  unless  in  the  interval  there  is  a  natural  ridge  which,  sub- 
merged when  the  dam  is  raised,  will  after  it  has  been  lowered  form  an 
intermediate  bar  and  distribute  the  fall  effaced  by  the  dam  above.  In 
the  same  way  the  removal  of  a  shoal  increases  the  fall  of  the  bad  pas- 
sage immediately  above  and  makes  it  worse;  it  often  also  uncovers 
intermediate  shoals  which,  sufficiently  covered  before  for  them  to  offer 
no  inconvenience,  make  their  appearance  and  in  turn  become  difficult 
passages. 

However  these  effects  may  be  reduced  by  those  which  take  place 
below  the  works.  The  solid  matter  taken  from  the  shoal  is  carried  away 
as  long  as  the  effective  force  of  the  current  is  sufficient;  when  this 
decreases  they  are  deposited,  ordinarily  where  first  the  width  increases, 
either  immediately  below  the  works  or  in  any  other  favourable  spot; 
a  new  shoal  is  formed  and  the  resulting  bar  may  partly  take  the  place 
of  that  which  has  been  suppressed  and  compensate  to  a  certain  degree 
the  lowering  of  the  level  of  the  water. 

But  as  the  profile  of  the  course  of  a  river  is  formed  by  a  succession 
of  steps,  when  one  is  suppressed  either  one  or  other  of  these  conse- 
quences is  the  result:  either  the  step  suppressed  is  developed  elsewhere, 
or  its  height  is  added  to  one  of  those  in  the  immediate  neighbourhood, 
or  it  is  distributed  among  them ;  but  finally  either  the  same  number  of 
steps  remains,  their  position  only  having  changed,  or  there  is  a  smaller 
number   and   the   height   is  increased.  The  resulting  improvement  where 
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the  shallow  has  disappeared  is  compensated  by  an  aggravation  at  one 
or  several  other  points. 

For  it  to  be  otherwise  it  would  be  necessary  for  the  ridge  suppressed 
to  be  replaced  by  an  incline  the  total  height  of  which  should  be  the 
same  as  that  of  the  ridge,  that  is  to  say  that  the  two  reaches  which 
were  separated  by  the  ridge  should  be  replaced  by  a  channel  with  a 
regular  incline  which  would  extend  from  the  upper  to  the  lower  ridge. 

The  necessity  of  obtaining  this  result,  if  it  is  desired  to  obtain  real 
improvements  by  the  process  of  confining  the  banks,  renders  the  regu- 
lation of  the  incline  on  rivers  where  it  is  attempted  a  matter  of  such 
importance.  This  necessity  also  soon  leads  to  the  impossibility  of 
confining  the  regulation  simply  to  the  part  affected  by  the  bad  passage, 
but  requires  the  prolongation  of  the  works,  both  up  and  down  stream, 
over  the  whole  length  of  hollows  contiguous  to  the  ridge,  and  from 
point  to  point,  from  one  ridge  to  another,  systematically  throughout  the 
course  of  the  river. 

It  is  in  fact  natural  to  suppose  that  the  various  parts  of  a  river  are  in 
some  way  severally  answerable  for  its  condition,  to  attribute  these 
inconveniences  to  works  partially  effected  for  their  isolation,  and  to 
think  that  by  everywhere  following  the  lines  pursued  where  good 
results  have  been  obtained  these  results  will  be  generalised. 

It  is  still  more  natural  from  a  technical  point  of  view  to  say  that  if 
the  water  flows  over  difiTerent  inclines  the  fact  is  connected  with  the 
diversity  of  the  profiles,  and  that  by  regulating  the  profile  the  incline 
will  also  be  regulated,  and  to  hope  that  the  lowering  of  the  water  resul- 
ting from  the  suppression  of  a  ridge  may  be  compensated  by  the  swelling 
produced  up  stream  by  the  lengthening  of  the  confining  works  and  by 
forcing  the  water  from  the  hollow  to  flow  into  a  narrower  section  at  a 
greater  incline. 

This  argument  would  not  raise  any  very  serious  objection  if  the 
bottom  was  stable,  but  as  it  is  unstable  what  actually  takes  place  is 
very  different  from  this ;  the  new  conditions  under  which  the  water  flows 
occasion  modifications  in  the  form  of  the  bed,  and  the  new  form  which 
it  assumes  will  in  turn  influence  the  conditions  under  which  the  water  flows. 

Let  us  consider  a  long  section  of  a  river  confined  by  regulating  works. 
The  first  effect  of  confining  the  bed  is  to  increase  the  incline  and  the 
depth,  and  the  flow  continues  as  though  the  bottom  was  flxed.  But  the 
form  that  the  bed  presents  at  this  moment  and  the  nature  of  the  materi- 
als which  constitute  it  are  such  as  suited  the  circumstances  anterior  to 
the  erection  of  the  works  and  which  at  a  certain  moment  in  the  fall  oi 
the  water  had  realised  an  equilibrium  between  the  effective  force  of 
the  current  and  the  resistance  of  the  bed.  This  equilibrium  is  upset  by 
the  modification  in  the  conditions  under  which  the  water  flows,  the 
effective  force  increases  throughout  the  confined  section  and  the  bottom 
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is  attacked ;  but  as  the  incline  has  changed  the  depth  has  increased  more 
up  stream  than  down  stream,  the  increase  in  the  effective  force  is  more 
considerable  and  the  scouring  more  energetic ;  the  water  becomes  charged 
with  a  greater  quantity  of  matter  than  it  is  capable  of  carrying  to  the 
end  of  the  dike,  so  that  it  is  gradually  deposited  down  stream,  the  bot- 
tom of  the  bed  is  dug  away  up  stream  and  is  raised  down  stream.  This 
distortion  acts  upon  the  profile  of  the  water,  the  incline  of  which  decreases, 
and  this  effect  will  continue  to  be  produced  until  the  reduction  of  the 
incline  shall  have  caused  a  sufficient  decrease  in  the  effective  force  of  the 
current  for  a  new  state  of  equilibrium  to  be  established.  If  as  generally 
happens  the  successive  layers  of  alluvial  deposit  which  are  uncovered  by 
the  scouring  do  not  present  very  different  resistances,  the  incline  will 
become  less  than  it  was  before  the  regulation,  a  condition  necessary  for 
reducing  the  effective  force  to  its  original  value,  since  the  depth  having 
become  greater  the  volume  of  water  which  acta  on  the  bed  has  become 
more  considerable. 

Thus  while  on  one  resisting  water-course  the  confinement  produces  an 
increase  in  the  incline,  on  a  river  with  an  unstable  bottom  on  the  con- 
trary the  confinement  occasions  a  decrease  in  the  incline.  Throughout  the 
contracted  section,  if  the  conditions  of  the  form  of  the  bed  are  satisfac- 
tory, a  channel  may  be  obtained  with  a  direction  more  easy  to  follow 
and  of  greater  depth,  that  is  to  say  a  combination  of  circumstances  more 
favourable  to  navigation;  the  improvement  may  even  appear  the  more 
complete  as  the  depth  obtained  is  frequently  greater  than  expected,  for 
the  increase  depends  both  on  the  decrease  in  width,  which  was  taken 
into  account,  and  the  decrease  of  the  incline,  which  was  not  taken  into 
account. 

This  modification  of  the  incline  moreover  is  not  effected  rapidly;  in 
time  of  low  water,  although  there  is  a  sensible  scouring  action,  it  is  incon- 
siderable; it  only  becomes  more  pronounced  in  time  of  floods;  as  at  first 
it  had  increased  plenty  of  time  might  pass  before  its  decrease  might  entail 
detrimental  consequences;  but  in  the  long  run  the  modification  becomes 
more  marked  and  its  effect  is  felt  at  both  extremeties  of  the  section  con- 
fined, where  the  increase  in  depth  becomes  evident. 

The  experience  derived  from  the  works  formerly  erected  on  the  Rh6ne 
after  this  system  has  several  times  exemplified  this  consequence  of  r^u- 
lating  a  river  by  the  confinement  of  the  bed;  but  although  it  has  been 
observed  elsewhere  and  already  noted  by  a  certain  number  of  authors  it 
does  not  appear  to  be  universally  known;  we  therefore  think  it  may  be 
of  service  to  give  an  example  of  it  which  we  will  choose  from  among 
the  works  which,  regarded  simply  within  their  limits,  have  produced  a 
certain  and  incontestable  improvement.  (Plate  I). 

Between  the  confluence  with  the  Ain  and  the  confluence  with  the 
Sa6ne   the  RbOn^  has  a  course  of  35  kilometres.  The  physical  conditions 
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met  with  before  regulation  were  the  following.  Throughout  the  10  km. 
below  the  confluence  with  the  Ain,  from  this  confluence  as  far  as  the 
neighbourhood  of  the  village  of  Sons,  the  waters  were  united  almost 
continuously  in  a  single  branch  along  the  hill  on  the  left  bank,  the 
right  bank  consisting  of  plains  which  became  submerged  in  time  of 
high  floods. 

Throughout  the  8  km.  above  the  confluence  with  the  Sa5ne,  which 
form  the  channel  to  Lyons,  the  waters  were  equally  united  in  one  bed. 
Navigation  in  these  two  sections  where  no  regulation  had  been  effected 
encountered  conditions  which  were  certainly  difficult,  but  incomparably 
less  so  than  in  the  intermediate  section. 

In  the  latter,  over  a  distance  of  17  km.,  the  stream  spread  itself  over  a* 
surface  which  in  some  places  was  nearly  6  km.  wide  and  was  broken  up 
into  numerous  branches;  on  some  profiles  as  many  as  eight  could  be 
counted,  among  which  the  discharge  at  low  water  was  distributed  un- 
equally. The  main  branch  followed  by  the  navigation  changed  its  position 
incessantly,  at  every  flood  in  fact,  and  even  in  an  almost  constant 
manner  under  the  action  of  the  mean  waters  which  were  sufficient 
to  carry  down  earth  which  was  constantly  moved  and  was  therefore 
most  unstable. 

The  improvement  of  this  channel  was  undertaken  according  to  the 
method  the  main  lines  of  which  we  have  already  indicated.  At  first  a 
project  was  studied  in  1847  which  consisted  in  separating  the  navigable 
branch  from  the  false  branches  by  a  dividing  dike  at  the  entrance  and 
in  building  a  dam  in  front  of  the  village  of  Thil  across  the  principal 
false  branch  where  nearly  all  the  other  branches  began;  next  a  channel 
was  opened  across  the  plain  over  its  whole  length  of  17  km.,  the  normal 
profile  of  which  was  calculated  to  give  a  depth  of  1.60  m.  at  ordinary 
low  water.  The  form  of  the  channel,  studied  with  the  greatest  care,  was 
composed  of  a  succession  of  very  rational  curves  and  counter-curves. 
The  expense  however  was  very  considerable  and  the  project  had  to  be 
abandoned  for  another  which,  while  it  preserved  the  works  of  separation 
and  the  same  normal  profile,  applied  this  profile  to  a  less  expensive  form 
of  bed  and  included  the  branch  named  Miribel,  also  regulated,  at  that 
time  used  for  navigation. 

The  works  were  carried  out  according  to  this  programme  and  finished 
in  1857;  the  resulting  improvement  was  very  evident  and  the  navigation, 
in  place  of  the  continual  uncertainty  in  which  this  passage  left  it,  found 
in  the  canal  of  Miribel  a  channel  easy  to  follow  and  of  sufficient  depth 
at  any  time  of  year.  For  several  years  this  improvement  appeared  to  be 
the  only  result  of  the  works  and  nothing  indicated  that  they  could  have 
any  inconvenient  consequences.  Nevertherless  the  bottom  of  the  canal 
was  attacked;  lower  measurements  began  to  be  registered  at  low  water 
than   before   the  works   were   executed   and   these   got  lower  and  lower, 
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while  at  the  exit  they  marked  higher  and  higher;  then  the  foundation  of 
the  works,  which  had  been  made  at  low  water-level,  appeared  in  the 
upper  portion  of  the  canal  and  was  even  uncovered  at  the  mean  summer 
level  of  the  water,  while  below  the  same  water-level  the  tow-path  was 
submerged  and  became  useless  throughout  the  greater  part  of  the  year. 
It  became  necessary   to  improve  this  situation  which  might  at  any  time 

'  ^  become   very   serious.  The  tow-path  was  first  raised  over  half  the  length, 

that  is  the  part  submerged;  then  to  arrest  the  movement  it  was  decided 

^^•  to   lower  the  dividing  dike  and  to  cut  down  the  dam  of  Thil  as  low  as 

« 

: :  possible,   in   order  to  allow  the  greatest  possible  volume  of  water  to  find 

its  way  through  the  false  branches,  not  only  in  floods  but  also  at  the 
mean  water-level.  It  was  supposed  that  by  this  means  the  main  branch 
would  be  relieved  and  that  by  decreasing  the  volume  of  water  which 
crossed  it  its  scouring  action  would  cease.  The  result  aimed  at  has  bien 
partially  realised ;  the  movement  of  the  profile  has  become  much  slower, 
but  has  not  entirely  ceased ;  and  although  the  volume  of  water  which  passes 
into  the  canal  has  become  notably  less,  the  incline  which  will  set  up 
any  equilibrium  between  the  resistance  of  the  bottom  and  the  effective 
force  of  the  current  under  the  new  conditions  of  depth  has  not  yet  been 
attained. 

Plate  I  gives  the  projection,  the  profile  lengthwise  and  three  transverse 
sections  before  the  works  were  built,  and  in  its  present  state.  The  profile 
on  a  large  scale  only  gives  the  regulated  section;  the  profile  on  a  small 
scale  extents  from  the  confluence  with  the  Ain  to  Ijyons  and  shows  the 
junction  of  the  old  and  new  profiles  at  the  two  extremities.  The  first 
indicates  the  mean  incline  for  every  kilometre,  the  second  the  mean 
incline  for  every  five  kilometres;  the  scale  did  not  allow  of  more 
detailed  indications,  but  the  actual  profiles  are  far  from  giving  regular 
inclines  over  these  distances  and  they  take,  like  all  the  profiles  which  we 
have  had  occasion  to  refer  to,  the  form  of  a  flight  of  stairs,  a  profile 
which  the  bottom  gives  rise  to. 

A  glance  at  these  profiles,  in  which  the  surface  of  the  water  and  the 
bottom  are  indicated  along  the  line  of  greatest  depth,  suffices  to  show 
clearly  the  movement  down  stream  of  a  portion  of  the  matter  composing 
the  bed,  the  decrease  in  the  incline  of  the  bottom  and  the  decrease  in 
the  incline  of  the  surface  which  has  been  the  necessary  consequence. 

We  will  briefly  recapitulate  the  results  that  these  works  have  given. 
In  the  canal  itself  a  direction  much  more  easy  to  follow  has  been 
obtained  and  also  a  greater  depth.  The  plan  of  1847  shows  that  the 
curve  where  there  is  a  depth  of  1.20  m.  below  low  water  mark  is  in 
several  places  interrupted  and  the  minimum  depth  in  the  channel 
of  navigation  is  0.80  m.  or  0.90  m.  The  plan  of  the  present  state  of 
the  river  shows  on  the  contrary  that  the  curve  of  1.40  m.  is  not 
interrupted ;    nevertheless  this  depth   cannot  be  fully    utilised,   because 
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it  is  not  found  everywhere  over  a  sufficiently  wide  area  and  because 
it  is  not  met  with  in  all  the  profiles  where  navigation  is  possible; 
in  fact  a  depth  of  about  1.20  m«  or  1.25  is  the  greatest  available, 
which  however  is  a  great  improvement  on  the  original  state  of  the 
river.  The  mean  depth  in  the  canal  when  the  water  reaches  the  discharge 
upon  which  the  calculations  of  the  project  were  based  is  more  than 
1.80  m. ;  it  is  greater  than  was  expected,  which  is  not  surprising  as  the 
incline  is  considerably  less;  the  average  depth  at  the  time  the  water  is 
lowest  is  still  1.50  m.,  but  it  is  very  irregularly  distributed;  from  one 
section  to  another  it  varies  from  1.20  m.  to  2.20  m. ;  as  to  the  extreme 
depths  they  vary  from  a  maximum  of  4.70  m.  to  a  minimum  of  0.50  m. 
measured  at  30  m.  from  the  bank.  The  form  of  the  profile  is  sometimes 
a  rectangle,  more  often  a  triangle  the  apex  of  which  is  alternately  near 
each  bank.  Finally  the  profile  realises  neither  the  incline  nor  uniformity 
that  was  anticipated.  The  mean  incline  throughout  the  length  of 
the  canal  is  0.696  m.  per  kilometre;  it  varies  from  0.41  m.  to  1.09  m. 
per  kilometre  and  the  local  incline  varies  from  0.20  m.  to  2.20  m. 
per  kilometre. 

Thus  in  spite  of  the  improvement  realised,  in  spite  of  the  enormously 
extensive  alterations  that  the  river  has  undergone  while  passing  between 
the  constant  banks,  neither  regularity  in  the  cross  section  has  been 
obtained,  nor  constancy  in  the  mean  depth,  nor  uniformity  in  the  incline ; 
and  the  bed  that  has  been  opened  remains  formed  as  everywhere  else 
of  a  series  of  hollows  separated  by  ridges,  while  the  profile  presents  a 
series  of  reaches  with  a  comparatively  feeble  incline  separated  by  falls. 

Outside  the  canal  the  general  incline  of  the  combined  streams  at  the 
entrance  to  Lyons,  at  kilometre  5,  where  the  profiles  join,  has  not 
sensibly  varied ;  it  was  and  still  is  0.81  m.  per  kilometre,  but  its  distri- 
bution has  changed  considerably.  Throughout  the  canal,  from  kilometre 
8  to  kilometre  25,  it  was  0.883  m. ;  it  i^  not  more  than  0.696  m.  per 
kilometre  on  the  other  hand  above  the  canal;  from  kilometre  25  to  kilo- 
metre 34  it  has  been  raised  from  0.75  m.  to  0.96  m.,  and  below  kilo- 
metre 8  to  kilometre  5  it  has  been  raised  from  0.49  m.  to  1.06  m.  per 
kilometre. 

Navigation  has  become  very  difficult  in  the  channel,  but  it  has  become 

most  difficult  at   its   extremities,  where  not  only  the  speed  is  very  great, 

> 

but  the  depth  at  times  of  low  water  is  less  than  0.80  m.,  which  stops 
navigation  as  formerly  the  difficulties  of  the  plain  of  Miribel  did. 

If  would  seem  natural  to  continue  both  up  and  down  stream  similar 
works  to  those  which  have  given  throughout  the  canal  so  great  an  improve- 
ment, and  the  continuation  of  them  up  stream  has  in  fact  been 
effected ;  but  as  similar  results  have  been  produced  in  consequence  in 
many  places,  it  has  been  necessary  to  recognise  the  fact  that  the  lower- 
ing of  the  incline   was   an  inevitable   consequence,   that  has  long  been 
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taught  by  experience,  of  the  contraction  of  the  section ;  the  eame  method 
has  not  been  poisned  and  as  we  have  said  more  attention  has  been 
given  to  works  which  might  be  able  to  lessen  or  remove  the  evil  than 
to  those  which  simply  risked  the  changing  of  the  position  of  it. 

The  causes  which  provoke  the  decrease  in  the  incline  are  independent 
of  the  length  of  the  section  confined;  the  only  difference  which  appears 
possible  between  a  long  regulation  of  this  nature  and  a  short  one  is  that 
the  decrease  in  the  incline  corresponding  to  one  and  the  same  resistance 
in  the  lx>ttom  will  give  at  both  extremities  a  greater  tall  in  the  first 
case  than  the  second;  but  there  is  no  reason  for  us  to  believe  that  the 
bottom  will  be  better  maintained  with  the  original  incline,  when  the 
depth  and  scouring  action  of  the  water  will  be  increased  by  the  decrease 
in  the  width  if  the  works  embrace  a  large  portion  of  the  river,  than 
if  these  works  are  confined  to  a  shorter  section. 

This  grave  inconvenience  cannot  be  obviated  by  works  of  this  nature, 
except  by  increasing  the  resistance  of  the  bottom  at  the  same  time  as 
the  effective  force  of  the  current  which  acts  upon  it  is  increased.  It  is 
a  very  simple  idea  which  all  engineers  should  have  who  have  occupied 
themselves  with  these  questions  and  who  have  been  in  a  position  to 
make  the  observations  we  have  indicated;  it  has  been  applied  upon  a 
certain  number  of  rivers,  and  upon  the  Rh6ne  itself  it  is  very  old. 

The  eraplo)rment  of  works,  not  only  on  the  banks  to  increase  their 
resistance  or  modify  their  form  and  pitch,  but  on  the  bottom  to  increase 
its  resistance,  to  fix  or  modify  its  inclne,  has  been  proposed  since  1842 
for  the  regulation  of  the  rapids  at  Sault. 

The  project  consisted  in  covering  the  falls  by  the  eddy  produced 
by  raising  the  incline  down  stream  by  means  of  a  series  of  bars  or  sub- 
merged ridges;  and  the  inventor,  M.  Goux,  C.  E.,  from  the  effect  of  these 
works  was  able  to  make  very  clear  explanations  which  have  lost  nothing 
of  their  value  and  their  generality.  We  will  state  them  briefly. 
'  Let  us  suppose  that  it  is  sought  to  establish  over  a  certain  distance 
on  a  river  a  given  incline  which  shall  differ  little  from  the  natural 
incline  in  other  parts  of  it.  If  this  distance  be  divided  into  equal  parts 
and  a  bar  or  ridge  be  constructed  at  each  point  of  the  division  so  that 
a  line  along  the  tops  of  these  ridges  shall  have  precisely  the  requisite 
incline,  the  levelling  down  from  one  ridge  to  another  will  be  equal.  Let 
h  =  their  common  value. 

A  series  of  reaches  will  thus  be  formed  identically  similar,  separated 
by  similar  bars,  and  if  the  discharge  of  the  river  becomes  so  small  that 
in  each  reach  the  speed  and  superficial  incline  are  almost  mZ,  the  differ- 
ence in  level  between  two  consecutive  reaches,  that  is  the  fall  from  one 
to  another,  will  be  constant  and  equal  to  h.  Now  if  the  discharge  increases, 
an  incline  will  be  established  in  each  reach  and  from  one  to  the  other 
a  different   fall   than  that   which   previously   existed,  but  all  the  ridges 
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being  subject  to  identically  the  same  conditions  the  variations  in  the 
surface  of  the  water  will  be  reproduced  in  a  similar  manner  from  one 
to  the  other,  the  inclines  in  each  reach  will  be  equal,  the  falls  on  each 
ridge  will  be  the  same,  and  the  difiference  in  the  level  of  the  water  between 
two  consecutive  ridges  or  between  any  two  points  separated  by  the  distance 
equal  to  the  space  between  two  ridges,  will  be  constant  and  equal  to  h. 
This  constant  difiference  in  level  consists  of  the  total  incline  of  one 
reach  and  the  fall  of  the  next  reach,  so  that  it  p  =  this  incline  and  c  = 
the  fall, 

h  =^p  +  c 
from  which  it  follows  that: 

1.  The  difference  in  level  between  two  consecutive  ridges   is  the  maxi- 
mum limit  of  the  fall  from  one  to  the  other. 

2.  This  maximum  fall  is  not  reached  unless  the  discharge  is  so  small 
that  p  becomes  nU. 

3.  So  soon  as  this  condition  ceases,  the  height  of  the  fall  c  becomes 
less  than  h  and  decreases  as  the  incline  of  the  reach  is  more  pronounced; 
so  that  as  the  discharge  increases  a  moment  will  arrive  when  p  will 
equal  h  and  then  all  fall  will  be  obliterated  on  the  ridges  and  the 
incline  of  the  surface  of  the  water  will  be  regular,  as  though  the  bed 
formed  by  the  series  of  ridges  was  continuous. 

Moreover  it  is  evident  that  the  equidistance  between  the  ridges,  which 
we  have  admitted  to  simplify  the  argument,  is  not  indispensable  and 
the  falls  would  be  effaced  even  if  this  equidistance  was  not  maintained. 

Experience  fully  confirms  these  inductions  and  continually  shows  that 
the  fall  produced  upon  a  ridge,  when  the  discharge  is  inconsiderable, 
becomes  less  and  less  until  it  disappears  entirely  in  proportion  as  the 
discharge  increases.  Falls  of  0.50  m.  or  more  which  are  frequently  met 
with  on  fixed  bars  in  time  of  low  water,  are  entirely  obliterated  when 
these  bars  are  covered  with  two  or  three  metres.  The  incline  on  rivers 
is  always  small,  so  that  it  is  sufi&cient  to  place  the  ridges  at  suitable 
distances  from  one  another  to  reduce  the  height  h,  maximum  in  a  fall 
when  the  discharge  is  very  low,  to  a  very  small  quantity,  and  conse- 
quently to  make  sure  that  when  the  ridges  are  covered  with  a  depth  of 
water  equal  to  that  required  for  navigation  purposes,  it  will  no  longer 
cause  any  appreciable  undulation  on  the  water's  surface. 

This  depth  of  water  sufi&cient  for  effacing  the  falls  would  also  be  &u&- 
cient  to  counteract  every  other  inconvenience,  if  the  ridges  could  be 
executed  in  masonry  with  a  surface  perfectly  smooth  like  the  sills  of  a 
lock;  but  the  excessive  expense  would  make  the  use  of  them  in  most 
cases  impossible.  They  can  generally  only  be  used  when  they  cost  little 
and,  with  the  only  known  economical  means  of  constrution,  their  surface 
remains  irregular;  under  these  circumstances  they  may  become  danger- 
ous to   boats  and   may    also  cause  eddies  calculated   to  interfere  with 
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steering;  and  for  these  two  reasons  prudence  obliges  us  to  keep  them 
below  a  greater  depth  of  water  than  the  maximum  draught  and  to  place 
them  lower  than  would  be  necessary  to  obtain  the  requisite  incline. 

The  project  for  the  correction  of  the  falls  of  Sault,  for  which  they 
were  proposed  for  the  first  time,  has  not  been  carried  out;  various 
reasons  have  tended  to  give  the  preference  to  the  formation  of  a 
branch  stream  with  locks;  but  since  then  sunken  groins  have 
frequently  been  employed  upon  the  Bh6ne;  experience  has  shown  that 
by  placing  the  top  of  them  at  least  2.50  m.  below  the  lowest  water- 
level  they  present  absolutely  no  inconvenience.  Experience  has  also 
shown  that  the  use  of  them  for  procuring  a  greater  regularity  in  the 
incline,  an  object  first  aimed  at  in  all  works  of  this  sort,  only  gave  very 
inconsiderable  results ;  but  it  has  enabled  us  to  see  that  much  benefit 
could  be  derived  from  the  regulation  of  the  bottom  and  the  prevention 
of  scour.  It  has  also  proved  that  by  establishing  them  in  certain  con- 
ditions other  very  important  efiects  could  be  obtained,  complete  expla- 
nations of  which  we  will  furnish  later. 

However,  in  certain  special  cases,  the  groins  being  kept  at  this  depth, 
we  have  been  able  to  make  sure  that  they  have  produced  an  appreciable 
efiiBct  on  the  incline  and  a  slight  rise  in  the  level  of  the  water.  This 
eflPect  has  been  especially  marked  when  they  have  been  employed  to 
counteract  a  fall  caused  by  a  sharp  obstacle,  such  as  some  old  artificial 
works,  a  bar  of  rock  etc. ;  but  difierent  and  much  more  complex  con- 
ditions are  then  presented  than  in  the  flow  of  water  over  a  ridge  of 
gravel.  The  form  of  the  latter  is  always  rounded  off,  its  slope  up  stream 
and  even  down  stream  has  a  very  slight  incline,  so  that  the  depth 
increases  progressively  and  slowly  all  along  the  top.  A  bar  of  rock  on  the 
contrary  is  a  sharp  obstacle,  invariable  in  form  and  position,  while  at 
the  foot  of  it  the  soil  is  unstable.  These  bars  are  nearly  always  followed 
by  deep  hollows,  so  that  the  water  which  falls  over  them  descends 
abruptly  to  a  considerable  depth  to  rise  again  further  on;  in  most  cases 
the  surface  of  the  water  presents  a  very  apparent  rise  and  this  pheno- 
menon is  particularly  noticeable  below  a  passage  confined  by  two 
obstacles  close  together,  such  as  the  piers  of  a  bridge.  By  establishing 
in  the  hollows  a  series  of  submerged  ridges  below  the  obstacle,  not  only 
is  the  deepening  arrested,  but  a  barrier  is  opposed  to  this  plunging 
action  of  the  water,  it  is  forced  to  expend  itself  on  the  surface  and  the 
rise,  the  main  cause  of  excessive  inclines,  is  decreased  and  sometimes 
even  suppressed.  Many  important  improvements  have  been  thus  efiected 
under  very  different  local  conditions.  We  will  mention  only  a  few 
instances.  On  the  Rhdne  at  the  entrance  to  Lyons  some  old  works  com- 
posed of  piles  and  hewn  stone  produced  an  abrupt  fall  with  very  dan- 
gerous eddies ;  a  few  ridges  have  entirely  done  away  with  the  fall  and  have 
completely  suppressed  thetempestuousmovementof  the  water.  On  the  same 
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river  near  Bourg-S'  And6ol  there  was  a  bar  of  rocks  which  caused  a 
rapid  which  powerful  steamboats  could  not  ascend  without  being  towed 
up ;  the  placing  of  a  few  ridges  below  the  rapid  has  sufficiently  reduced 
the  fall  for  the  heaviest  laden  vessels  now  to  pass  over  it  with  the  use 
of  their  own  power  alone.  On  the  Sa6ne,  the  bridge  of  Ainay,  the  arches 
of  which  are  narrow  and  confined  with  rocks,  at  times  of  high  water 
presented  some  difficulty  to  navigation  on  account  its  arch;  the  same 
method  has  given  similar  results  and  boats  which  were  unable  to  pass 
the  arches  are  today  able  to  do  so  without  serious  difficulty. 

But  except  in  these  exceptional  cases  groins  or  submerged  ridges,  laid 
down  under  conditions  dictated  by  prudence  and  experience,  exercise 
but  a  limited  action  on  the  incline;  and  although  they  are  in  many 
respects  of  undoubted  utility,  they  do  not  efifect  any  more  than  other 
methods  complete  uniformity  in  the  incline. 

Moreover,  even  when  their  execution  might  be  possible  at  a 
moderately  high  level  and  their  action  might  be  more  efifective  they 
would  supply  the  means  for  maintaining  the  incline,  for  raising  it 
even  where  the  scouring  of  the  bed  has  reduced  it ;  but  they  would  be 
without  effect  on  the  modifications  caused  in  the  incline  by  the  raising 
of  the  bottom,  and  that  such  modifications  might  be  avoided  it  would  be 
necessary  to  bring  about  such  a  combination  of  circumstances  that  it 
would  be  impossible  for  a  deposit  to  form  in  any  part  of  the  water- 
course, and  this  is  evidently  impossible. 

If  on  a  river  there  was  a  constant  discharge  both  of  water  and  solid 
matter  and  at  the  same  time  the  bed  was  not  affected  by  scour,  or  at  least 
was  sufficiently  resisting  for  it  not  to  be  attacked  by  the  current  under 
any  conditions,  a  channel  might  certainly  be  conceived  having  a  regular 
width  and  incline  and  in  which  the  flow  of  matter  would  never  be 
decreased  or  suspended  and  the  depth  would  remain  constant.  But  it  is 
not  so;  on  all  rivers  the  solid  and  liquid  discharges  are  continually  vari- 
able. Every  flood  brings  down  matter  from  the  mountains  and  stirs  up 
that  which  the  preceding  flood  had  left  in  the  bed.  The  matter  is  carried 
away  as  long  as  the  volume  of  water  is  sufficient ;  when  the  water  sub- 
sides the  matter  is  deposited  to  be  taken  up  again  by  the  next  flood  and 
so  on  by  successive  stages  until  if  reaches  the  sea. 

There  is  not  in  all  fluvial  hydraulics  a  fact  which  appears  to  be  better 
established  than  this  intermittent  movement  and  transport  by  stages  of 
the  solid  matter.  By  constructing  suitable  works  here  and  there  a  greater 
speed  may  be  maintained  than  elsewhere  and  a  combination  of  circum- 
stances may  be  created  which  will  prevent  the  deposit  of  solid  matter ; 
but  the  illusion  one  is  frequently  induced  to  fall  into  is  that  by  pursuing 
the  regularity  of  the  profile  and  the  incline  the  constancy  of  the  move- 
ment of  solid  matter  to  the  sea  will  be  obtained  without  cessation. 

Thus,  if  it  be  supposed  that  an  artificial  canal  has  been  constructed  with 
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incline  and  resistance  suitable  for  preserving  the  liquid  discharge  with 
the  requisite  depth  without  variation  in  the  form,  the  end  in  view  would 
cease  to  be  attained  so  soon  as  water  charged  with  matter  was  intro- 
duced into  this  canal.  Above  the  resisting  framework  of  the  bed  deposits 
will  be  formed  in  places  across  which  similar  phenomena  may  be  seen 
to  develope  as  those  caused  on  rivers  with  indefinitely  inconstant  bottoms; 
the  principal  difference  would  consist  in  this,  that  the  artificial  bottom 
would  be  more  opposed  to  the  development  of  hollows  than  the  beds  of 
other  rivers,  a  resistance  similar  to  that  frequently  met  with  on  natural 
water-courses  where  their  bed  is  absolutely  unassailable. 

Whatever  progress  hydraulics  may  make,  whatever  certainty  may  be 
given  by  the  known  or  unknown  formulae  which  show  the  relation  in 
their  continual  movement  between  the  discharge,  the  incline  and  the 
section  of  a  water-course,  the  assimilation  of  a  river  with  a  variable 
discharge  and  unstable  bottom  to  a  canal  with  a  resisting  bottom,  which 
carries  only  water,  will  always  fail  to  realise  the  results  expected  if  it. 
Such  has  been  the  case  upon  the  Rh6ne  and  other  rivers  and  it  has 
been  the  more  marked  as  the  water-course  operated  on  agrees  less 
by  reason  if  its  nature  with  the  conditions  in  which  the  hydraulic 
formulae  have  been  established  and  found  applicable. 

But  although  it  showed  the  inconveniences  resulting  from  this  assimi- 
lation, which  frequently  was  forced,  the  experiment  established  more 
clearly  the  necessity  of  certain  facts  and  certain  forms ;  it  made  the  effect 
of  artificial  works  better  known  and  gradually  led  to  the  adoption  of 
them  in  conditions  more  conformable  to  the  laws  which  infiuence  the 
flow  of  the  current  in  natural  water-courses.  We  have  now  to  consider 
the  attempt  made  upon  these  principles  upon  the  river  Rh6ne. 
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III. 

Regulation  Works. 

METHOD  ADOPTED  ON  THE  RhSnE. 

§  1.    Ex^Umation  of  the  method. 

The  methods  that  we  have  concisely  explained  were  employed  exclu- 
sively upon  the  Rh6ne  before  the  law  of  1878  and  for  several  years  after 
the  passing  of  this  law,  which,  while  creating  considerable  resources  for 
the  regulation  of  this  river,  allowed  of  the  works  being  constructed  on 
a  thorough  basis  such  as  their  assured  success  seemed  to  demand. 

This  immense  experiment  has  caused  the  abandonment  of  the  system 
of  regulation  based  on  the  use  of  the  normal  profile  calculated  as  though 
the  bed  was  resisting  and  the  discharge  exclusively  liquid,  and  the 
renunciation  of  the  possibility  of  rendering  the  incline  uniform.  And  it 
has  established  as  a  necessary  law  in  the  movement  of  water  and  matter 
in  a  river  with  unstable  bottom  the  variable  and  intermittent  flow  of 
gravel  and  consequently  the  preservation  of  ridges  and  the  stair-case-like 
nature  of  the  profile. 

The  system  adopted  therefore  no  longer  requires  from  hydraulic  for- 
mulae, which  may  be  sufficiently  exact  for  the  circumstances  in  respect 
to  which  they  were  established,  conclusions  which  could  not  be  so  under 
essentially  different  conditions.  Far  from  seeking  to  modify  the  natural 
flow  of  rivers  it  respects  these  conditions,  and  instead  of  entering  into  a 
struggle  with  nature  it  seeks  to  aid  her  by  imitating  the  manner  and 
form  by  which  she  herself  in  certain  cases  obtains  the  desired  results. 

Observations  on  the  natural  form  of  the  bed.  —  It  results 
from  the  observations  contained  in  the  first  part  of  this  Report  that  the 
bed  of  a  river  with  unstable  bottom  consists  of  a  series  of  curves  and  reaches  of 
ffarious  lenfftfis  according  to  the  incline  of  the  river,  the  comparative  depth  and 
the  incline  of  the  surface  being  moderate,  and  that  these  are  separated  by 
ridges  forming  natural  bars  and  the  flow  is  produced  from  one  hollow  to 
another  as  over  more  or  less  submerged  dams. 

These  general  conditions  not  only  exist  on  water-courses  in  their 
natural  state,  but  they  are  also  reproduced  between  regulation  works 
in  spite  of  efforts  made  to  avoid  them.  It  is  therefore  necessary  to 
maintain  them. 

Their  general  character,  such  as  we  have  just  defined   it,  is   constant, 
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but  they  diflfer  from  one  point  to  another  in  numerous  details.  If  we 
consider  in  particular  the  distance  on  a  river  composed  of  two  hollows 
separated  by  a  ridge  or  two  curves  in  opposite  directions,  a  distance  to 
which  we  will  give  the  name  of  passage,  many  varieties  in  the  form  of 
passages  may  be  observed;  but  these  varieties  may  however  be  grouped 
in  two  principal  classes. 

Bad  class  of  passage.  —  The  first  class  is  met  with  almost  every- 
where when  the  stream  spreads  itself  out  and  often  even  when  the  water 
is  united  in  one  branch,  when  local  circumstances  or  the  presence  of 
defective  works  favour  the  continuance  of  deep  water  along  either  bank. 
The  following  are  its  characteristics   (PI.  II). 

Two  hollows  run  into  one  another;  slight  inclines  are  prolonged 
over  the  whole  extent  of  these  hollows;  the  channel  passes  abruptly 
from  one  bank  to  the  other  following  a  direction  which  more  or 
less  approaches  the  general  direction  of  the  banks.  The  ridge  which 
separates  two  hollows  forms  a  sharp  turn  in  the  current;  it  constitutes 
a  long  dam  slightly  below  the  surface  and  the  water  flowing  over  it  is 
shallow  and  the  fall  is  short.  Under  the  conditions  peculiar  to  the  Bhdne 
the  depth  may  fall  to  0.40  m.  As  regards  navigation  all  difficulties  are  found 
united  in  such  a  passage,  namely  the  want  of  depth  and  abrupt  change 
in  direction,  which  renders  ordinary  restrictions  insufficient  and  requires 
boats  to  go  round  with  the  help  of  ropes  without  their  being  able 
to  follow  the  channel  and  utilise  the  full  depth  available,  and  finally 
a  very  violent  current. 

Passages  of  this  class  were  formerly  very  numerous  on  the  Rh6ne  and 
they  put  a  stop  to  navigation  even  before  the  depth  fell  below  the 
limit;  boats  could  only  pass  them  when  the  water  was  high  enough 
to  give  the  necessary  depth  in  a  direction  more  easy  to  follow  and  to 
reduce  the  fall  by  further  immersing  the  dam. 

Good  class  of  passage.  —  The  second  class  was  also  met  with 
where  no  artificial  works  had  been  constructed,  but  hardly  anywhere 
except  where  all  the  water  was  united  in  one  branch  between  stable 
banks.  The  following  are  its  characteristics  (PI.  II). 

Two  hollows  have  their  extremities  opposite  one  another  without  over- 
lapping. The  thahceg  presents  gradual  and  regular  curves;  the  change  in 
direction  takes  place  gradually ;  the  ridge  separating  the  two  hollows  has 
an  almost  normal  direction ;  it  consists  of  a  low  dam  a  long  way  below 
the  surface,  above  which  the  water  is  deep  and  the  fall  is  distributed. 
In  the  conditions  peculiar  to  the  Kh6ne  the  minimum  depth  in  the 
hollows  in  passages  of  this  class  varies  from  1.50  m.  to  2.00  m.;  the 
direction  of  the  channel  is  easy  to  follow  and  the  current  is  moderate; 
they  are  easily  passed  by  boats. 

Conversion  of  one  class  to  another.  —  Artificial  works 
necessary.    —  With  regard   to   the   regulation  works  which  have  been 
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carried  out  upon  the  Rh6ne,  all  that  was  done  was  to  convert  all  the 
passages  of  the  first  class  to  those  of  the  second,  while  it  was  sought 
to  obtain  in  the  cross  section  a  profile  of  the  character  and  form  which 
is  met  with  in  passages  which  are  naturally  good. 

To  obtain  this  result  the  necessary  operation  consisted  in: 

1«-  Uniting  all  the  waters  into  one  bed  at  time  of  low  water; 

2iid  Fixing  in  this  bed  the  position  of  the  hollows  and  consequently 
of  the  ridges; 

3^*  Controlling  the  formation  or  set  of  the  ridges. 

Concentration  of  the  waters.  —  To  unite  the  waters  into  a 
single  channel  it  is  necessary  to  close  the  secondary  branches.  The  arti- 
ficial works  necessary  for  this  must  have  a  limited  effect  on  the  low 
waters  which  alone  it  is  important  to  concentrate;  they  should  admit  of 
the  high  waters  spreading  out  over  as  large  a  surface  as  possible  so  as 
to  reduce  the  speed  and  avoid  the  scouring  of  the  bottom;  for  this  purpose 
the  dam  which  separates  the  false  branch  from  the  main  branch  must 
be  cut  down  to  the  level  at  which  the  concentration  of  the  water  is  no 
longer  necessary.  To  make  sure  of  its  strength  and  to  decrease  the  weight 
it  has  to  support  when  the  overflow  takes  place,  a  weight  which  differs 
little  from  the  difference  of  the  levels  in  the  stream  between  the  entrance 
and  the  exit  to  the  false  branch,  a  series  of  dams  called  traverses  is 
laid  along  this  false  branch,  which  divide  the  total  fall  and  distribute 
it  among  them ;  that  is  to  say  that  the  frame-work  of  a  new  bed  is 
formed  in  this  branch  the  bottom  of  which  is  guided  by  the  series  of 
traverses  and  is  raised  to  the  level  at  which  the  false  branch  comes  into 
play  and  relieves  the  main  stream. 

Finally  it  is  necessary,  especially  if  the  formation  of  the  false  branch 
corresponds  to  the  direction  of  the  current  in  time  of  floods,  to  prevent 
the  main  current  from  becoming  established  in  it  at  the  risk  of  causing 
serious  disturbances  in  the  channel  of  navigation;  to  obtain  this  result  the 
principal  dam,  which  forms  one  side  of  the  channel,  is  joined  to  the  river 
bank  by  means  of  connecting  works  similar  to  those  which  are  employed 
behind  dikes  and  the  use  and  form  of  which   we  will  indicate  later. 

Fixing  the  depth  in  curves.  —  We  remarked  in  the  flrst  part 
of  this  Report  that  when  the  banks  were  durably  fixed  and  presented  at 
certain  points  conditions  favourable  for  the  creation  and  maintenance  of 
hollows,  deposits  formed  between  these  points.  Successive  floods  encoun- 
tering at  the  same  points  the  same  resisting  forms  produce  similar  effects 
and  without  giving  to  the  hollow  identical  forms  or  dimensions,  they  at 
least  produce  them  in  the  same  places  and  consequently  preserve  the 
ridges  in  the  same  position.  The  first  thing  to  be  done  therefore  is  to 
make  sure  of  the  constancy  of  this  position  by  determining  upon  a 
suitable  form  for  the  banks  and  artificial  works  to  be  adopted  and  to 
take  steps  to  ensure  their  preservation. 
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Experience  shows  that  the  depth  is  easily  maintained  in  the  concave 
curves  when  no  adverse  action  draws  it  in  another  direction,  and 
it  is  greater  and  nearer  the  bank  as  the  curve  is  sharper.  Experience 
also  shows  that  hollows  are  formed  and  remain  at  the  foot  of  smooth 
raised  banks  against  which  a  deviation  in  the  current  may  be  produced, 
or  at  least  along  which  the  speed  ramains  considerable  under  all  condi- 
tions of  water.  It  is  therefore  necessary  in  the  form  of  the  works  in 
a  curve  of  the  channel  to  prevent  these  effects  from  counter-balancing  one 
another.  If  the  two  banks  are  formed  of  dikes  with  smooth  steep  walls  the 
water  will  have  a  tendency  to  form  hollows  by  both  banks,  to  form  a 
deposit  between  the  two  and  a  passage  of  the  first  class  will  be  the 
result.  It  might  even  happen,  if  the  form  of  the  banks  is  defective,  that 
an  accidental  circumstance  might  impel  the  current  against  the  convex 
bank  where  the  action  of  the  dike  would  retain  it;  and  in  this  case  there 
would  be  an  error  in  the  calculations,  the  sinuosities  of  the  channel 
would  not  follow  those  of  the  banks  and  the  hollows  would  not  be  pre- 
served in  the  same  places.  Instances  of  this  sort  are  not  uncommon 
where  leading  dams  are  adopted.  If  therefore  it  is  wished  to  fix  the 
position  of  the  hollows  along  the  concave  bank,  it  is  not  sufficient  to 
give  this  bank  a  form  by  which  it  may  retain  the  thalweg^  it  is  also 
essential  to  treat  the  convex  bank  in  such  a  manner  that  it  may  be 
unable  to  attract  or  retain  the  current;  that  is  to  say  dikes  must  he 
avoided  on  the  co7ivex  bank;  it  must  have  the  form  of  a  shore  with  a  gentle 
incline,  such  as  it  naturally  presents  in  the  good  passives  of  the  second 
class.  This  form  also  has  the  advantt^e  of  leaving  the  space  free  before 
the  water  as  it  rises  and  of  avoiding  the  action  of  confinement,  the 
troublesome  effects  of  which  on  the  preservation  of  the  incline  we  have 
already  drawn  attention  to. 

Form  of  the  concave  bank.  —  It  is  generally  an  advantage  to  form 
the  concave  bank  by  a  dike  the  continuous  action  of  which  is  more 
favourable  to  the  good  direction  of  the  current  and  the  repetition  of  the 
effects  which  produce  the  hollow.  The  form  of  this  dike  has  a  great 
influence  upon  the  satisfactory  direction  of  the  thalweg  and  the  set  of 
the  ridges.  If  the  thalweg  of  a  good  passage  is  examined,  it  is  found  that 
it  gradually  leaves  the  bank  at  the  top  of  the  curve  and  passes  about 
mid-way  between  the  banks  where  the  change  of  direction  takes  place. 
It  therefore  presents  a  continual  curve  passing  from  a  maximum  at  the 
apex  to  nil  where  the  direction  changes.  The  bank  should  not  be 
parallel  to  the  thalweg  and  its  curves  should  be  such  that  the  thalweg 
may  be  able  to  leave  it  gradually  as  the  point  where  the  direction 
changes  is  approached.  If  it  was  otherwise,  if  the  curve  of  the  dike 
retained  the  thalweg  in  its  vicinity  until  the  turn  was  nearly  reached, 
the  same  effect  being  produced  in  the  inverse  curve  of  the  passage,  the 
change  in  direction   would   be  abrupt  and   the  passage  would  more  or 
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less  resemble  the  first  class.  And  as  the  bank  attracts  the  thalweg  the 
more  forcibly  the  sharper  the  curve  is,  the  curve  must  decrease  in  pro- 
portion as  the  thalweg  removes  itself  further  and  further  from  the  dike, 
that  is  as  it  passes  in  a  continuous  manner  from  its  maximum  at  the 
apex  to  nil  at  the  turn  in  direction.  The  observations  taken  upon  the 
Rh6ne  therefore  fully  confirm  those  of  the  Graronne  and  clearly  establish 
the  advantages  of  continuity  in  the  form  of  dikes. 

As  regards  the  choice  of  curves  to  be  employed  to  realise  this  condi- 
tion, there  appears  to  be  none  that  is  absolutely  preferable  and  local 
circumstances  often  limit  the  number  of  possible  solutions.  Sinuosities 
and  spirals  volute  have  been  employed  upon  the  Bhdne,  as  upon  the 
Garonne,  but  it  has  been  affirmed  that  for  works  formed  by  rocks  and 
constructed  often  under  difficult  conditions  a  sufficient  continuity  is 
obtained  by  simply  en\ploying  a  series  of  arcs  of  a  circle  with  radius 
increasing  from  the  apex  of  the  curve  to  the  point  where  the  direction 
changes.  It  is  clear  moreover  that  when  a  concavity  is  found  between 
two  turns  the  same  condition  of  continuity  must  be  fulfilled  on  each 
side  of  the  apex  by  the  different  curves  which  form  it. 

Considerations  of  the  same  kind  determine  the  profile  of  the  dike.  The 
top  of  it  must  be  placed  at  such  a  height  that  it  may  retain  the  waters 
as  long  as  there  is  any  use  in  concentrating  them  for  increasing  the 
depth.  So  soon  as  this  depth  is  sufficient  for  the  requirements  of  naviga- 
tion when  boats  are  fully  laden,  it  is  on  the  contrary  desirable 
to  let  the  water  spread  over  as  great  a  surface  as  possible,  so 
as  to  avoid  excessive  scouring,  which  is  calculated  to  injure  the  incline 
and  the  width  of  the  channel.  In  the  conditions  peculiar  to  the 
Rh6ne  this  level  must  not  be  more  than  about  1.00  m.  above  the 
lowest  water-level ;  they  are  frequently  placed  at  a  higher  level,  either 
to  facilitate  the  formation  of  hollows  in  the  first  stage  of  the  works  or 
simply  to  render  the  building  of  them  easier,  and  they  are  afterwards 
reduced  to  the  level  indicated  above.  But  this  level  must  not  be  the 
same  throughout  the  length  of  the  dike.  Since  the  hollows  are  greater 
and  nearer  the  bank  as  the  latter  is  itself  higher,  it  is.  essential,  for  the 
channel  to  be  able  to  leave  it,  that  the  effect  of  the  dike  continues  to 
diminish  as  the  turn  in  direction  is  approached ;  and  as  the  curve  is 
reduced  the  top  of  the  dike  is  made  lower  in  proportion  to  the  distance 
from  the  apex.  It  should  be  highest  at  this  apex  and  is  reduced  to  the 
natural  level  of  the  shore  in  the  neighbourhood  of  each  turn  in  the 
curve.  We  are  therefore  induced  by  similar  reasons  to  establish  con- 
tinuity and  not  uniformity  in  the  profile  of  the  dike. 

As  long  as  the  level  of  the  water  remains  low  the  use  of  the  dike  is 
easily  conceived ;  but  when  the  water  rises  above  the  dike,  if  this  class 
of  work  is  resorted  to,  absolutely  pernicious  effects  may  be  produced.  The 
water   by  flowing  over  the  dike  would  wash  away  its  foundations;  there 
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would  be  a  risk  of  its  being  carried  away  and  of  secondary  currents 
being  created  behind  it  which  might  open  a  new  channel;  also  boats 
might  be  drawn  against  the  dike  by  the  cross  current  caused  by  the 
overflowing.  To  prevent  these  results  the  dike  is  connected  with  the 
bank  by  means  of  cross  works  which  are  called  traverses^  tenons  or  con- 
nections. These  are  run  in  an  up  stream  direction  from  the  fore- 
shore from  which  they  slope  downwards  to  the  dike,  so  that  the 
combined  effect  of  the  incline  and  the  way  they  are  set  helps  to  draw 
the  current  into  the  centre  of  the  principal  channel  and  prevents  the 
formation  of  secondary  currents  and  the  overflow  of  the  water.  Their 
action  must  be  the  more  energetic  as  the  effect  they  have  to  combat  is 
more  pronounced,  and  consequently  their  incline  towards  the  channel 
must  be  the  more  marked  as  the  water  is  more  violent  in  its  efforts  to 
escape.  It  is  where  the  curve  is  sharpest  that  the  centrifugal  force  is 
greatest,  and  therefore  the  incline  of  the  traverses  will  be  sharper.  The 
traverses  of  one  group,  which  all  end  in  the  dike  at  the  level  which  it 
has  where  they  join,  will  therefore  be  formed  with  different  inclines  and 
will  rise  the  more  abruptly  from  the  dike  the  nearer  they  are  to  the 
apex  of  the  curve. 

In  those  parts  of  the  river  where  the  incline  is  feeble  and  the  bend  of 
the  channel  is  slight,  this  combination  of  works  may  be  simplified,  the 
dike  may  be  done  away  with  and  simply  connecting  works  may  be 
adopted  to  direct  the  flow  of  the  water ;  but  the  action  of  these  is  less 
effective,  and  the  circumstances  in  which  this  system  may  be  adopted 
are  rarely  met  with  on  the  Rh6ne. 

Form  of  the  convex  bank.  —  We  have  remarked  how  importantit 
is  to  fix  the  position  of  the  hollows,  to  avoid  on  the  convex  bank  all  works 
or  forms  capable  of  causing  scour.  This  bank  should  be  of  such  a  nature  as 
is  met  with  in  good  passages,  that  is  a  shore  with  a  gentle  slope  so  that 
the  water  may  spread  over  it  without  anywhere  acquiring  sufficient 
speed  to  cause  scour.  When  the  shore  already  exists  and  offers  sufficient 
resistance  there  is  nothing  to  be  done;  if  the  resistance  is  too  feeble  it 
is  strengthened  by  inclined  groins  which  do  not  rise  above  the 
natural  level  of  the  soil  and  which  constitute  as  it  were  the  skeleton  of 
the  bed  and  give  it  the  necessary  solidity.  If  there  is  no  shore,  the 
framework  is  constructed  in  the  same  manner  by  means  of  inclined 
groins  which  mark  the  form  and  direct  the  water  just  as  the  shore 
would  do  and  thus  provoke  its  formation.  These  groins  should  be  set 
so  that  they  throw  the  main  current  into  the  line  pursued  by  the 
thalweg;  their  incline  should  be  regulated  to  the  same  end  and  they 
should  therefore  exercise  a  more  energetic  action  the  further  the  thalweg 
is  removed  from  the  convex  bank.  The  groin  corresponding  to  the 
shar{9est   part   of  the  curve  must  therefore  be  the  most  inclined,  and   on 
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both  sides  of  this  maximum  the  incline  of  the  groins  should  diminish 
till  it  attains  a  minimum  at  the  turn  in  the  curve. 

Position  of  the  turn.  —  Fixed  position  of  the  ridge.  —  The 
rules  adopted  for  fixing  a  channel  in  a  curve  may  be  briefly  summarised: 
the  forms  and  artificial  works  most  favourable  for  the  formation  and 
maintenance  of  hollows  must  be  adopted  for  the  concave  bank  and  the 
same  features  are  to  be  avoided  on  the  convex  bank.  The  most  suitable  form 
must  be  given  to  the  latter  for  these  eflects  not  to  be  produced  and  it 
must  be  strengthened  so  as  to  prevent  all  scouring.  By  these  means  the 
formation  of  hollows  along  the  convex  bank  is  avoided  and  the  preser- 
vation of  them  is  assured  along  the  concave  bank  between  the  groins, 
where  they  will  be  found  regularly  after  every  flood. 

If  similar  features  are  given  to  all  the  curves  of  the  channel  the  posi- 
tion of  all  the  hollows  will  remain  constant,  so  that  by  maintaining 
the  variations  in  depth  along  the  concave  banks  the  periodical  return 
of  deposits  is  at  the  same  time  provoked  between  two  inverse  con- 
cavities. ♦ 

To  determine  the  form  of  the  banks  it  only  remains  to  fix  the  posi- 
tion of  the  points  where  the  curve  changes  and  between  these  points  the 
bends  must  be  distributed  in  such  a  manner  that  they  may  satisfy  both 
the  local  circumstances  and  the  condition  of  continuity,  the  utility  of 
which  we  have  pointed  out. 

This  position  cannot  be  arbitrary ;  in  fact  the  points  in  question  are 
stopping  places  for  matter  when  the  water  subsides  and  the  movement 
of  solid  matter  ceases. 

It  is  clear  that  we  are  not  entirely  at  liberty  to  fix  these  stopping 
places  and  that  we  cannot  without  inconvenience  and  mistakes  increase 
or  decrease  their  number  to  any  considerable  extent.  The  distance  sepa- 
rating two  deposits  depends  essentially  on  the  character  of  the  river, 
the  discharge  of  water,  its  incline  and  the  quantity  and  the  nature  of 
the  matter  carried  down;  these  conditions  vary  not  only  in  different 
rivers,  but  also  in  different  parts  of  the  same  river;  the  influence  of 
them  on  the  distribution  of  deposits  is  certainly  very  complex  and  if  it 
is  wished  to  determine  a  priori  by  means  of  these  elements  the 
distance  between  the  ridges,  we  should  be  led  to  formulate  arbitrary 
hypotheses  and  to  draw  from  them  conclusions  which  could  not  be 
proved.  But  fortunately  the  observation  of  what  passes  in  any  given 
section  of  a  river  furnishes  indications  which  are  sufficient  for  practical 
purposes;  it  enables  us  to  affirm  when  the  conditions  of  discharge  and 
incline  differ  to  an  inconsiderable  degree  that  the  distance  between  two 
ridges  is  fixed  by  limits  which  are  not  very  far  from  one  another.  It  is 
between  these  limits  that  the  distances  between  the  turns  in  the  curves 
must  be  maintained  by  following  the  lines  indicated  by  good  passages 
and    the    local    circumstances,    so   that  the   number  of  ridges   formed 
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naturally  may  be  approximately  preserved,  or,  if  a  slight  modification 
is  attempted,  that  this  number  may  be  increased  rather  than  diminished, 
for  each  ridge  corresponds  to  a  fall  in  the  profile  of  the  water  and  the 
height  of  each  fall  is  less  when  their  number  is  increased. 

Such  is  the  combination  of  conditions  to  be  fulfilled  with  regard  to  the 
distance  between  the  turns  in  direction,  the  distribution  of  the  curves,  the 
choice  of  works,  their  height,  direction  and  incline.  Within  the  narrow 
limits  depending  on  local  circumstances  these  conditions  determine  the 
form  of  the  banks  with  sufficient  precision  and  at  the  same  time  make 
sure  of  the  periodical  return  in  the  same  places  of  the  hollows  and 
ridges. 

The  set  of  the  ridges.  —  It  may  frequently  happen  that  a  good 
form  of  bed  and  a  judicious  choice  of  artificial  works  suffice  for  directing 
the  channel,  for  guiding  it  from  one  concavity  to  another  with  easy  turns 
one  way  and  the  other,  and  for  giving  the  ridge  such  a  set  and  form 
that  it  may  be  a  satisfactory  shallow  easily  passed  by  boats.  The  con- 
tinuity of  the  curve,  the  height  and  incline  of  the  artificial  works 
exercise  a  certain  influence  on  the  good  direction  of  the  channel.  But 
it  may  easily  be  conceived  that  this  action,  however  useful  it  may  be, 
may  be  insufficient. 

The  curve  acts  upon  the  position  of  the  channel  on  account  of  the 
cross  current  which  is  the  consequence  of  it,  and  scouring  is  the  result; 
the  height  of  the  works  has  a  similar  efiect,  the  result  being  always 
produced  in  the  same  direction,  that  is  the  hollows  are  always,  every- 
thing else  being  equal,  more  marked  and  nearer  the  bank  as  the  latter 
is  more  curved,  more  even,  deeper  or  higher;  but  the  extent  of  this 
efiect  depends  on  a  combination  of  variable  circumstances,  in  the  front 
rank  of  which  must  be  placed  tiie  incline  of  the  river  and  the  resistance 
of  its  bed,  which  vary  from  one  point  to  another,  so  that  two  artificial 
works  identically  the  same  in  height  and  form  may  according  to  the 
circumstances  in  which  they  are  employed  determine  very  different  forms 
of  channels. 

If  in  fact  two  passages  be  supposed  in  which  the  local  requirements 
lead  one  to  adopt  the  same  curves,  it  is  clear  that  if  one  of  them  has  a 
considerable  incline  on  a  bottom  easily  washed  away  and  the  other  has 
a  slight  incline  on  a  more  resisting  bottom,  the  effects  produced  will 
not  be  the  same.  In  the  latter  case  the  channel  will  generally  be  wide, 
the  thalweg  will  be  without  excessive  variations  in  depth  and  the 
channel  will  keep  at  a  sufficient  distance  from  the  bank  for  it  easily 
to  be  followed  by  boats,  passing  over  to  the  opposite  bank  with  a 
gentle  and  gradual  turn  in  direction;  the  forms  will  resemble  those 
of  the  second  class  of  passage  and  the  good  set  of  the  ridge  will  ensure 
a  satisfactory  shallow  with  a  gentle  fall  and  will  be  easily,  passed. 
In   the  other  on  the  contrary   the   speed   will  be  greater,  the  scouring 
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more  energetic,  the  channel  narrower,  the  thalweg  deeper  and  nearer 
the  bank,  it  will  keep  by  it  longer  and  will  with  difficulty  separate 
from  it  to  pass  over  to  the  other  bank  in  a  short  and  abrupt  turn; 
the  form  will  resemble  that  of  the  first  class,  the  set  of  the  ridge  will 
be  very  slanting,  the  shallow  will  be  feeble,  the  fall  considerable  and  the 
direction  of  the  thalweg  difficult  or  impossible  to  follow. 

The  form  of  the  banks,  although  it  is  sufficient  to  cause  the  for- 
mation of  the  ridges  always  in  the  same  place,  is  not  so  for  regu- 
lating their  shape  and  giving  them  a  satisfactory  set  and  formation. 
It  is  essential  in  many  cases  to  increase  its  effect  by  means  of  artificial 
works  intended  specially  to  regulate  the  change  in  direction  and  to  effect 
the  gradual  transition  from  the  concave  bank  of  one  curve  to  that  of 
the  succeeding  curve.  The  comparison  between  good  and  bad  passages 
indicates  what  must  be  done. 

In  a  good  passage  the  hollows  are  not  excessive  and  the  channel  is 
wide;  the  thalweg,  always  sufficiently  removed  from  the  bank,  without 
difficulty  leaves  first  one  and  then  the  other,  while  the  depth  gradually 
decreases  as  the  point  where  the  change  in  direction  is  approached.  If 
the  form  of  the  transverse  section  be  examined,  it  will  always  be  found 
to  be  more  or  less  like  a  triangle  the  apex  of  which  corresponds  to  the 
thalweg  and  the  base  to  the  surface  of  the  water ;  the  base  will  be  wide 
and  the  height  moderate;  the  ape:^  will  always  be  at  some  distance  from 
the  concave  bank  and  the  incline  of  the  sides,  sharper  near  this  bank, 
will  be  inconsiderable.  This  form  of  section  gradually  changes;  the  height 
decreases  as  the  apex  moves  away  from  the  bank ;  the  slope  of  the  two 
sides  diminishes  at  the  same  time,  but  more  rapidly  along  the  concave 
bank,  so  that  it  becomes  the  same  on  both  sides  near  where  the  turn  in 
direction  takes  place.  On  the  other  side  of  this  turn  symetrical  forms  are 
reproduced  in  the  same  order. 

In  a  bad  passage  on  the  contrary,  the  channel  is  narrow  and  the  depth 
considerable  in  the  neighbourhood  of  the  concave  bank;  the  thalweg 
keeps  close  to  this  bank  and  leaves  it  with  difficulty,  passing  abruptly 
to  the  other;  the  hollows  are  preserved  nearly  up  to  the  change  in 
direction,  when  they  stop  suddenly  and  appear  on  the  other  side.  The 
transverse  section  always  has  the  general  form  of  a  triangle,  but  its  base  is 
narrow  and  its  height  considerable.  The  apex  is  very  near  the  concave 
bank,  is  often  even  at  its  foot,  and  the  incline  of  the  two  sides  is  very 
considerable.  This  form  is  preserved  without  much  change  till  the  neigh- 
bourhood of  the  turn  in  direction  is  reached  beyond  which  without  any 
transition  symetrical  forms  are  found. 

That  the  ridge  may  set  well  it  is  therefore  necessary  to  substitute  for 
these  defective  forms,  which  the  transverse  section  presents  in  bad 
passives,  the  rational  forms  which  are  found  in  naturally  good 
passages.    This    result   is  obtained   by    placing   in   deep   places   sunken 
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groins  and  croes  dams  at  certain  distances  from  one  another  and  at  a 
suflSciently  low  level  for  them  not  to  interfere  with  navigation  or  cause 
any  eddy  on  the  surface. 

These  groins,  while  they  reduce  the  depth  in  some  degree,  increase 
the  width  of  the  channel.  They  should  be  set  with  a  slant  &om  the 
bank  up  stream  as  they  are  intended  to  draw  off  the  current ;  for  the 
same  reason  they  must  slope  from  the  bank  downwards  and  the  lowest 
part  of  them,  which  determines  the  maximum  depth,  determinines  at 
the  same  time  the  spot  where  the  greatest  speed  and  the  centre  of  the 
channel  are  found.  This  centre  should  be  nearer  the  bank  as  the  point 
under  consideration  is  nearer  the  apex  of  the  curve ;  the  greatest  depth 
should  also  be  found  near  the  sharpest  curves  (a  little  below  according 
to  general  observation);  the  groin  corresponding  to  this  point  will  there- 
fore have  its  foundations  lower  than  the  rest,  its  incline  will  be  greater 
and  its  end  in  the  river  will  be  deeper.  The  succeeding  groins  will  rise 
higher  and  higher  and  their  incline  will  decrease  in  proportion  as  the 
apex  of  the  curve  is  left  further  away.  Thus  successive  groins  will  really 
cause  an  inclination  in  the  surface,  which  will  be  changed  by  successive 
gradations  until  the  normal  form  is  realised ;  this  should  be  met  with 
at  the  turn  in  direction  beyond  which  the  inverse  of  these  conditions 
should  be  presented. 

We  are  thus  led  after  having  realised  continuity  in  the  form  of  the 
channel,  the  height  and  incline  of  the  artificial  works  along  the  bank,  as 
regards  the  general  form  of  the  river,  to  also  determine  the  same  with 
respect  to  the  profile  of  the  bottom  and  the  nature  of  the  transverse 
section. 

Sunken  groins  therefore,  employed  as  has  been  said,  fulfil  a  double 
function.  They  guide  the  transition  from  one  curve  to  another  and 
prevent  excessive  scouring  of  the  bed  on  either  side  of  the  turn  in 
direction.  By  preserving  the  ridges  and  by  limiting  the  depth  in  the 
hollows,  they  preserve  the  falls  and  stair-case-like  form  of  the  profile, 
and  they  prevent  the  general  lowering  of  the  surface  of  the  water,  that 
is  to  say  the  objectionable  eflFect  which  we  have  referred  to  and  which 
is  so  frequently  produced  when  the  bed  is  confined  by  regulating  works. 
But  at  the  same  time  by  regulating  the  set  of  these  ridges  they  lengthen 
without  suppressing  the  falls  upon  them  and  thus  make  them  easy 
to  pass. 

The  depth  at  which,  on  account  of  the  possible  imperfection  of  their 
construction,  the  safety  of  navigation  requires  these  structures  to  be 
placed,  limits  their  action  on  the  inclines  and  this  action  generally  simply 
preserves  them  by  preventing  the  scouring  of  the  bed,  which  would 
reduce  their  influence.  Experience  however  has  shown  in  certain  special 
cases  that  it  is  possible  to  attain  slight  rises  in  the  level  of  the  water 
above   the   hollows,  and  it  is  clear  that  this    effect   would   be   the   more 
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marked  if  it  were  possible  to  raise  the  tops  of  the  groins.  Such  a  result 
would  be  very  eflFective  when  from  accident  and  the  lack  of  precautions 
an  inconvenient  fall  in  the  level  of  the  water  might  have  been  produced ; 
it  would  be  useless,  as  we  have  shown  above,  and  would  not  justify 
the  expenditure  of  the  sum  it  would  require,  if  we  wished  to  render 
the  incline  uniform  —  a  result  which  it  is  impossible  to  obtain.  The 
preservation  of  the  inclines  on  the  contrary  is  in  itself  a  result  both 
possible  and  entirely  sufficient  and  the  sunken  groins,  constructed 
without  ordinary  precautions,  allow  of  this  object  being  attained  with 
certainty.  Frequently  further  steps  are  taken  to  secure  the  consolidation 
of  the  bottom  when  it  is  very  liable  to  scour,  and  it  is  fixed  through- 
out its  width  by  lengthening  the  groins  from  one  bank  to  the  other; 
they  are  then  called  bottom  ridges  and  are  constructed  of  wood, 
having  the  end  turned  up  stream  and  reaching  to  the  centre  of  the 
channel  the  position  of  which  they  fix  by  determining  the  maximum 
depth  in  the  hollows. 

But  if  the  depth  at  which  the  groins  have  to  be  placed  diminishes  the 
eflfect  of  them  upon  the  incline  of  the  surface,  it  exercises  but  little 
influence  on  the  efiect  they  have  on  the  current.  This  action  in  fact 
depends  especially  on  the  way  they  are  set,  the  incline  of  each  of  them 
and  its  variation  from  one  to  another,  conditions  which  suffice  to  deter- 
mine the  distribution  of  the  variations  in  speed  in  the  cross  section,  and 
consequently  the  order  and  the  form  of  the  deposits.  But  it  is  also  clear 
that  this  ruling  action  will  be  the  more  effective  the  better  the  incline 
of  the  works,  by  means  of  which  it  is  exercised,  is  regulated,  and  it  is 
on  this  point  especially  that  the  greatest  care  must  be  taken  in  the  con- 
struction of  the  works,  for  it  is  easy  to  take  these  precautions  and  costs 
little  to  do  so. 

Flow  of  gravel.  —  Relative  constancy  between  the  form 
and  the  depth.  —  Such  is  the  combination  of  rules  followed  and 
works  adopted  on  the  Rh6ne  since  1884. 

The  choice  of  the  works  employed  for  the  form  of  the  banks  in  the 
curved  portions  of  the  bed  has  the  effect  of  ensuring  the  fixed  position 
of  the  channel  and  the  preservation  of  the  various  depths  and  of  pre- 
paring and  facilitating  the  satisfactory  transition  from  one  curve  to 
another.  The  form  of  the  transverse  section  resulting  from  the  use  of 
sunken  groins  completes  this  ruling  action  and  ensures,  besides  a  sufficient 
width  of  channel,  the  continuity  of  depths,  the  resistance  of  the  bottom, 
the  preservation  and  good  set  of  the  ridges. 

It  is  therefore  not  sought  to  give  the  water-course  the  form  of  an  arti- 
ficial canal  and  to  pursue  both  in  the  profile  and  cross  section  a  unifor- 
mity of  which  nature  sets  no  example;  on  the  contrary  the  natural 
forms  will  be  preserved  which  the  water-course  assumes  under  the  action 
of  the   laws   which   control   the  flow  of  water  and  matter,  but  it  will  be 
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necessary  to  establish  continuity  by  the  variation  of  these  forms.  They 
are  therefore  not  made  to  undergo  any  considerable  modification  and 
they  are  simply  regulated  on  the  model  of  those  which  are  naturally 
good,  and  for  accidental  and  perfectly  unnecessary  causes  of  irregularities 
troublesome  to  navigation  resistances  are  substituted  and  suitably  distri- 
buted, so  that  thev  form  permanent  causes  of  the  periodical  return  of 
the  situations  which  are  most  favourable. 

The  banks  of  the  stream  remain  sinuous  and  their  form  is  made  to 
differ  as  little  as  possible  from  what  it  l>a8  made  itself,  but  continuity  is 
introduced  in  the  succession  of  curves.  The  bed  continues  to  be  formed 
of  a  succession  of  hollows  separated  by  ridges,  but  the  passage  from 
hollows  to  shallows  is  managed  by  continuous  gradations.  The  profile 
preserves  at  low  water  an  undulating  form,  it  remains  composed  of  a  sue- 
cession  of  reaches  with  slight  inclines  separated  by  falls;  but  the  incline 
of  the  reaches  is  sustained  by  the  consolidation  of  the  bottom  and  the 
sharpness  of  the  falls  is  reduced  by  the  satisfactory  set  of  the  ridge. 

When  a  flood  is  produced  it  modifies  the  form  of  the  bed,  as  would 
be  the  case  on  a  natural  water-course,  the  bottom  is  scoured  in  some 
places  and  is  filled  up  in  others;  but  these  modifications  are  kept  with- 
in the  narrowest  limits  by  the  greater  resistance  of  the  bottom  and  the 
banks  and  the  accidents  which  might  fix  their  position  are  suppressed. 
As  the  water  rises  it  overflows  the  artificial  works  which  regulate  the 
summer  bed  and  spreads  out  without  occasioning  the  deep  disturbances 
which  are  produced  in  a  confined  bed;  but  as  it  spreads  out  it  meets- with 
artificial  works  on  the  convex  bank,  which  is  strengthened  by  them, 
and  works  on  the  concave  bank  which  connect  it  with  the  submerged 
fore-shore.  These  works  direct  the  water  from  stage  to  stage  without 
interfering  with  its  expansion  and  flow,  and  by  their  action  draw  the 
main  current  into  the  line  of  greatest  depths  and  into  the  same  position 
which  it  occupies  at  low  water,  and  thus  the  fixed  position  of  the 
thalweg  is  ensured.  When  the  water  subsides  and  comes  back  to  the 
summer  bed,  it  meets  with  a  combination  of  circumstances  which  deter- 
mine the  return  of  the  hollows  and  ridges  to  the  places  occupied  by 
them  before  the  flood  and  the  reproduction  of  formations  similar  to 
those  which  existed  before. 

The  solid  matter  carried  down  therefore  continues  to  flow  in  successive 
stages,  but  the  position  of  these  is  determined  beforehand,  gravel  cannot 
stop  in  the  curves  where  everything  has  been  arranged  to  favour  the 
preservation  of  the  hollows  and  it  can  only  be  deposited  in  the  turn 
from  one  curve  to  another;  but  here  is  placed  a  whole  series  of  artificial 
works  which  regulate  the  form  of  the  bed  and  the  distribution  of  the 
variations  in  speed,  which  without  being  an  obstacle  to  the  deposit 
determine  the  form  and  set  of  it. 

The   depth   upon   the   ridges   after   each   flood   varies  continually  and 
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depends  upon  the  nature  of  the  flood  and  the  quantity  of  the  matter 
carried  down.  Variable  causes  cannot  have  constant  eflfects.  But  this 
depth  is  always  the  greatest  which  can  result  from  the  conditions  under 
which  the  ridge  has  been  formed  and  which  is  the  effect  of  the  nature 
of  the  river,  for  its  maximum  invariably  corresponds  to  the  satisfactory 
set  of  the  ridges. 

The  improvement  that  may  thus  be  realised  has  not  therefore  precisely 
the  same  character  as  that  which  can  be  obtained  by  canalisation  by 
means  of  moveable  dams,  or  which  it  is  sometimes  sought  to  obtain  by 
the  method  of  confinement  of  the  bed ;  it  is  none  the  less  considerable, 
for  the  difference  which  exists  between  the  depth  upon  the  ridges  which 
are  well  or  badly  set  is  always  very  great.  On  the  Rh6ne  in  particular 
experience  has  shown  that  in  the  passages  where  the  transformation  is 
accomplished  the  depth  always  remains  sufficient  to  ensure  easy  and 
regular  navigation. 

Method  of  constructing  the  artificial  works.  —  If  the  judi- 
cious choice  of  the  form  of  the  works  is  an  essential  condition  of  success, 
the  order  followed  in  their  execution  and  the  care  taken  may  also 
exercise  a  considerable  influence  upon  the  result. 

Every  sharp  obstacle,  every  isolated  projection,  provokes  eddies  and 
scour.  It  is  therefore  essential  to  round  off  the  form  of  the  works,  to 
connect  the  talus  of  the  dikes  with  the  incline  of  the  bottom  by  means 
of  a  bank,  to  lengthen  the  talus  of  the  sunken  groins  by  means  of  a 
covering  more  or  less  long  according  to  their  relief,  to  regulate  their 
incline  and  widen  their  proflle  near  the  dike  so  as  to  effect  the  transition 
between  the  two  classes  of  works,  and  for  the  same  reason  to  reduce 
their  incline  where  they  join  the  bottom. 

It  is  necessary  to  effect  the  modifications  of  the  channel  by  degrees, 
by  gradual  and  successive  changes,  to  give  the  works  at  first  but  a 
slight  relief,  to  construct  them  as  far  as  possible  in  series,  for  their  effects 
are  completed  or  counteracted  by  each  other ;  then  after  making  a  com- 
mencement to  wait  to  let  the  stream  do  its  work,  and  return  to  the  same 
place  later.  Not  only  are  the  eddies  which  projecting  works  provoke 
thus  avoided  as  well  as  the  crumbling  away  which  must  be  compen- 
sated for,  but  advantage  is  derived  from  the  alluvial  deposits  which  are 
ordinarily  produced  about  works  of  small  relief  and  rounded  shape,  and 
they  are  thus  built  up  to  the  requisite  height  with  appreciable  economy. 
The  effects  produced  can  in  this  way  be  judged  by  degrees,  foreseen 
conditions  can  be  rectified  if  it  appears  necessary  and  the  result  aimed 
at  may  be  obtained  with  more  certainty. 

The  rules  which  apply  to  the  form  of  the  bed  and  the  choice  of  arti- 
ficial works  are  therefore  to  some  degree  applicable  to  their  execution ; 
and  if  it  is  essential  in  the  form  of  the  bed  to  observe  continuity  in  the 
profile   and   in  the  transverse   section,   it  is  less  important  in  the  con- 
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Btmction  to  conform  to  the  rule  of  continuity  and  to  observe  the  same 
gradations  in  the  successive  transformations  which  are  to  lead  up  to  the 
permanent  form. 

The  success  of  this  progressive  and  prudent  method  and  the  magnitude 
of  the  experiment  enable  us  to  draw  from  it  much  useful  information 
and  observations  which  are  applicable  to  most  river  artificial  works 
when  it  is  a  question  of  effecting  improvements  with  a  view  to  navigation 
or  for  the  fixing  of  the  banks. 

The  natural  forces  which  come  into  play  in  a  water-course  are  con- 
siderable; they  sometimes  acquire  enormous  power  and  the  laws  which 
regulate  them  are  very  complex.  The  struggle  against  these  forces  is 
difficult,  costly  and  often  doubtful ;  failure  is  certain  if  the  end  in  view 
is  contrary  to  the  laws  which  govern  them.  But  if  instead  of  com- 
bating them  we  confine  ourselves  to  directing  them,  if  instead 
of  seeking  to  entirely  change  the  nature  of  their  effects  we  content 
ourselves  with  guiding  them  by  progressively  modifying  their  action  by 
a  series  of  combined  efforts  which  succeed  and  follow  each  other  with 
continuity,  success  is  much  more  certain,  because  the  result  to  be  attained 
at  each  point  is  very  small  and  possible  and  the  means  at  our  disposal 
are  better  proportioned  to  the  object  in  view. 

§  2.    Examples  of  its  application. 

To  complete  the  foregoing  explanations  it  will  be  sufficient  to  cite  a 
certain  number  of  instances  in  which  the  method  we  have  explained  has 
been  adopted.  We  will  take  examples  from  the  whole  of  the  river,  that 
is  to  say  under  the  most  varied  conditions  as  regards  incline,  discharge 
and  the  nature  of  the  solid  matter  carried  down.  Divided  in  this  manner 
they  will  give  as  exact  an  idea  of  the  works  already  carried  out  on  the 
Rh6ne  as  a  complete  chart  of  the  river,  and  the  repetition  of  them  would 
only  uselessly  reproduce  circumstances  which  are  everywhere  alike. 

Concentration  of  water.  —  Traverses  and  inclined  groins. 
—  Secondary  branches  always  have  the  inconvenience  of  decreasing  at 
times  of  low  water  the  discharge  in  the  navigable  branch.  The  closing 
of  them  at  the  level  of  low  water,  under  the  conditions  which  we  have 
indicated,  is  understood  without  it  being  necessary  to  give  any  further 
explanation;  it  will  be  effected  either  by  the  aid  of  traverses  confined 
to  the  width  of  the  secondary  branch,  or  by  means  of  inclined  groins, 
that  is  traverses  which  are  prolonged  beyond  this  branch  to  the  main 
branch  the  convex  shore  of  which  they  regulate.  We  will  mention  as 
examples  the  passages  of  S^nzan  and  Grigny,  from  kilometre  13  to  kilo- 
metre 15  (PL  IV),  and  the  passage  from  Gervans-Crozes,  from  kilometre 
86  to  kilometre  89  (PI.  IX). 

But  besides  this  and  without  there  being  any  question  of  an  important 
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secondary  branch  it  often  happens  that  the  channel  is  divided  in  two  in 
the  curve,  one  branch  following  the  bend  and  the  other  following  a 
chord  of  the  curve  through  a  depression  in  the  shore ;  a  deposit  is  formed 
where  the  two  currents  meet  in  a  position  that  is  not  normal,  sometimes 
even  in  the  bend  itself.  This  undesirable  efiTect  is  easily  suppressed  by 
cutting  up  the  secondary  channel  by  a  few  traverses  and  inclined  groins, 
which  will  re-establish  the  continuity  of  the  shore  and  suppress  the 
secondary  current  which  is  the  cause  of  the  accidental  deposit.  We  will 
mention  as  an  example  the  inclined  groins  of  Jassoux  in  the  passage  of 
St  Auban,  kilometre  44  (PL  VI),  which  rapidly  removed  a  badly  situated 
ridge  which  other  artificial  works  were  unable  to  touch;  the  traverses  of 
La  Ferine  in  the  passages  of  Oiselet  and  Boulangfere,  kilometre  230  (PL 
X);  and  finally  the  groins  of  La  Cabane,  at  kilometre  322,  which,  three 
in  number,  were  sufficient  to  remove  in  a  short  time  a  deposit  formed 
at  the  foot  of  the  quay-wall  of  Port  St.  Louis  where  they  re-established 
the  necessary  depth  (PL  XI). 

Concave  bank.  —  Leading  dams  and  connecting  works.  — 
As  examples  of  leading  dams  regulating  the  form  of  the  concave  bank 
and  of  traverses  connected  with  these  dams  we  may  mention: 

The  dikes  of  S^  Tons  and  Ivour,  from  kilometre  4  to  kilometre  7 
(PL  III),  the  dike  of  S^nszan,  at  kilometre  14  (PL  IV),  the  dike  of  Les 
P^heurs  and  the  dike  of  Les  Roches  in  the  passages  of  G«rbay  and 
Condrieu,  from  kilometre  39  to  kilometre  41  (PL  V),  the  S^  Auban  dike, 
from  kilometre  44  to  kilometre  45  (PL  VI);  the  Vions,  Gervans,  Lemps 
and  Crozes  dikes  in  the  G^rvans-Crozes  passages,  from  kilometre  86  to 
kilometre  89  (PL  IX),  and  the  dikes  of  Le  Dri^onet,  La  Boulang^re  and 
Oiselet,  from  kilometre  228  to  kilometre  232  (PL  X). 

The  most  interesting  are  the  Les  Roches,  La  Boulangfere  and  S'  Auban 
dikes,  all  ia  very  curved  passages ;  the  radius  of  the  curve  in  the  channel 
becomes  450  m.  at  the  apex  for  the  first  two  and  650  m.  for  the  third. 
The  S^  Auban  dike  which  corrects  a  very  irregular  turn  and  is  built 
along  the  bank  for  a  considerable  distance  is  connected  with  it  by  a 
group  of  twelve  traverses  the  incline  of  which  varies  from  1.75 ''Z^,  to  3*>/o. 

Convex  bank.  —  Inclined  groins.  —  As  examples  of  groins 
regulating  the  convex  shore  we  may  mention  the  inclined  groins  of 
Berne,  Limony  and  Br^e,  from  kilometre  53  to  kilometre  55  (PL  VII), 
and  the  inclined  groins  of  Lemps  and  S'  Estfeve  in  the  Gervans-Crozes 
passage,  from  kilometre  86  to  kilometre  89  (PL  IX). 

The  most  remarkable  are  those  of  Limony  (PL  VII)  which,  five  in 
number,  regulate  an  extensive  shore  with  a  gentle  slope  varying  from 
0.8  7,  to  1.5  \. 

Consolidation  of  the  bottom.  —  Set  of  the  ridges.  — 
Sunken  groins.  —  As  examples  of  sunken  groins  we  may  mention: 

The  group   of  20  groins   at  S*  Tons,  laid  at  a  depth  of  3  m.  to  5  m. 
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below  the  low  water-level ;  they  have  been  constructed  to  consolidate 
the  bed  and  check  the  scour  provoked  by  an  old  stone  pitching  pro- 
tection raised  4  m.  above  the  level  of  low  water,  and  at  the  same  time 
to  draw  the  thalweg  away  from  the  bank  against  which  it  is  always 
inclined  to  run  when  this  bank  is  curved,  high  and  smooth  (PL  III). 

The  group  of  11  groins  at  Ivour,  constructed  for  the  same  purpose  as 
those  of  S^  Tons  and  at  similar  depths.  They  have  checked  a  general 
fall  in  the  level  of  the  water,  which  had  begun  to  show  signs  of  taking 
place,  and  rectified  the  change  from  the  one  curve  to  another  the  direc- 
tion of  which  was  bad  (PL  III). 

The  sunken  groins  at  Les  Roches  which  cut  through  the  hollows  and 
guide  the  thalweg  from  the  bank  and  regulate  the  change  in  direction 
(PL  V).  We  might  also  mention,  as  being  specially  intended  to  regulate 
the  change  in  direction  and  the  set  of  the  ridges,  the  groins  of  Les 
P6cheurs  in  the  G^rbay  passage  (PL  V);  the  inclined  and  sunken  groins 
of  Gervans,  Lemps  and  Crozes  in  the  Gervans-Crozes  passage  (PL  IX), 
and  finally  the  groins  of  the  Bac  d'Oiselet,  La  Boulang^re  and  Oiselet 
(PL  X). 

Bottom  ridges.  —  Finally  we  will  mention  a% examples  of  bottom 
ridges,  that  is  groins  made  of  wood  and  placed  right  across  the  channel 
to  consolidate  the  bed  when  it  is  liable  to  scour,  the  ridges  at  S^  Auban 
(PL  VI)  and  the  ridges  in  the  Creux  des  Mailles  (PL  VHI). 

Concave  bank  without  dike.  —  The  same  plate  (VIII)  shows,  a 
little  above  the  Creux  des  Mailles,  the  S*^  Rose  passage;  the  local  con- 
ditions of  the  curve,  the  incline  and  the  resistance  have  allowed  of  the 
suppression  of  the  concave  dike  and  the  simple  use  of  connecting  works 
ending  in  inclined  groins.  The  number  of  passages  of  this  kind  is  very 
limited. 

§  3.     Character  of  the  river. 

Situation  before  the  last  artificial   works   were 

constructed. 

To  give  an  account  of  the  results  of  the  method  we  have  described,  it 
is  first  essential  to  indicate  the  nature  of  the  river  on  which  it  has  been 
adopted  and  the  conditions  it  offered  previously  to  navigation. 

Character.  —  The  course  of  the  Rh6ne  from  its  source  to  the  sea 
is  750  kilometres  in  length  of  which  227  are  in  Swiss  and  523  in  French 
territory. 

As  regards  its  use  for  purposes  of  commerce  the  French  Rh6ne  may  be 
divided  into  two  principal  sections;  1®*^  the  Upper  Rh6ne,  from  the 
Swiss  frontier  to  Lyons,  which  may  be  regarded  as  a  waterway  of  purely 
local  interest  serving  for  the  transport  of  large  quantities  of  building 
materials   along  its  banks;    its   length  is    193  kilometres;  2'^^  the  Lower 
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Rh6ne  and  the  Maritime  Rhdne,  between  the  confluence  with  the  Sa6ne 
at  Lyons  and  the  sea,  which,  connected  by  the  Sa6ne  .with  the  navigable 
ways  of  the  Centre,  the  North  and  the  East,  form  part  of  the  system  of 
principal  waterways  and  seem  called  upon  to  exercise  a  decisive  influence 
upon  the  commercial  movement  of  many  of  them. 

The  works  for  the  confinement  of  the  bed  have  been  constructed  at 
various  times  in  these  two  sections.  The  Miribel  canal  which  we  have 
mentioned  belongs  to  the  first.  The  works  constructed  after  the  method 
we  next  described  belong  to  the  second  section,  the  only  one  which  by 
reason  of  its  commercial  importance  could  justify  the  expense  of  a  com- 
bined operation.  We  will  therefore  only  occupy  ourselves  in  the  latter 
portion  of  this  Report  with  the  second  section  of  the  river. 

The  length  of  the  Rh6ne  between  Lyons  and  the  sea  is  330  km.,  be- 
tween Lyons  and  the  lock  of  the  sea-water  canel  of  S*  Louis  324  km. 
The  height  of  the  confluence  of  the  Sa6ne  and  the  Rhdne  is  158.58  m. ; 

it  results  that  the  average   incline  is  0.48  m.  per  kilometre   (  oaoa  )♦ 

This  incline  is  very  unequally  distributed  and  presents  the  following 
principal  variations: 

from  Lyons  to  the  labre  for      .    108^  km.  Average  Incline    .  OfiO  m.      ( — -—  ^ 

\  aooo  / 

n     the  Isdre  to  the  Ard^che  .     87.00  km.        •  •         .  0.776  m.      ( ^ 

>>  1304  / 

fi     the  Ard^he  to  the  Dnranoe    67.00  km.        n  «         .  0.613  m.      (  — —  ^ 

V  1949  / 

n     the  Durance  to  Soujean    .     28.00  km.        ^  *         .  aa60  dl      (-^tz-) 

A     Sonjean  to  8(  Louis     .     .     ilJOO  km.        «  «        .  0.093  m.      (  ) 

At  certain  points  the  incline  is  greater  than  the  average  and  passages 
are  met  with  in  which  for  a  short  distance  it  even  becomes  more  than 
3  or  4  m.  per  kilometre. 

The  superficial  velocity  of  the  current  varies  greatly  in  the  same  sec- 
tion ;  the  variations  in  velocity  met  with  within  the  limits  of  the  navi- 
gable waters  are  included  in  the  following: 

at  low  water-level  from  LOO  m.  to  X60  m.  per  second  at  yarJons  points ; 
at  mean  water-level  from  1.00  m.  to  SJSO  m. ; 
at  high  water-level  from  2.60  m.  to  4.00  m. 

But  at  mean  and  high  water  the  channel  is  very  wide,  the  velocity 
varies  greatly  from  point  to  point  and  boats  going  up  stream  can  avoid 
the  swiftest  parts  of  the  current. 

In  time  of  high  floods  when  navigation  is  interrupted  a  velocity  of  5 
or  6  m.  has  been  registered. 

The  bed  of  the  Rh6ne  consists  of  a  very  thick  layer  of  gravel  which  is 
very  unstable  and  easily  washed  away.  In  certain  places  rocky  points 
emerge,   in   a  few   others   cross   bars   of  rock   stretch  from  one  bank  to 


the  other.  This  formation  of  the  bed  is  almost  the  same  over  the  whole 
river  and  the  only  diflFerence  from  one  point  to  another  is  in  the  size  of 
the  gravel.  From  Soujean  to  28  km.  below  the  Durance,  the  last  con- 
fluence, gravel  disappears  and  only  fine  sand  is  found. 

The  discharge  of  the  Rh6ne  is  very  variable ;  the  difiTerence  between  the 
volume  in  time  of  low  water  and  floods  is  enormous,  as  appears  from 
the  following  table: 


Above  the  confluence  with  the  Sa5ne. 


Below 


i» 


j» 


11 


» 


^^ 


?» 


?> 


11 


^1 


1^ 


11 


11         V              J1 

150 

j^     fj    xsere  .     . 

260 

„    „   Ard^he. 

300 

^1      11 


Durance. 


Minimnm 

obaerTed  in 

1884. 


130  rub.!. 


370 


Conven- 
tional   low 
water  in 

1878. 


140  fib.m. 
240 
365 
380 


460 


Maximum 

obaerved  in 

1856. 


6,400  CHk.l 

7,000 

9,700 
11,900 
13,900 


Moreover  the  discharge  during  the  flood  of  1856  is  certainly  less  than  the 
possible  maximum,  because  on  the  one  hand  the  floods  of  several  tribu- 
taries were  considerably  less  than  their  known  maximum,  and  on  the 
other  hand  the  maxima  of  the  diflerent  streams  did  not  coincide. 

However,  these  extremes  are  very  rare  and  in  order  to  judge  of  the 
character  of  the  river  with  respect  to  its  navigability  it  is  less  necessary 
to  regard  exceptional  circumstances  than  such  as  those  the  repetition  of 
which  is  sufiiciently  frequent  to  influence  trade. 

The  floods  on  the  Rh6ne  rise  suddenly  and  rapidly  subside;  they 
nearly  everywhere  cover  considerable  areas  and  easily  managed  currents 
are  met  with,  in  fact  navigation  is  not  suspended  until  4  m.  above  low 
water-level  is  reached,  when  the  passage  through  bridges  becomes  danger- 
ous. Interruptions  on  account  of  floods  are  always  of  short  duration. 

Low  water,  the  duration  of  which  is  generally  much  greater,  is  a  much 
more  serious  obstacle,  because  the  inconvenience  it  causes  lasts  longer 
and  because  in  spite  of  the  decrease  of  the  discharge  it  presents  in  certain 
places  of  little  depth,  that  is  to  say  in  most  unfavourable  conditions, 
almost  as  great  a  velocity  as  at  high  water.  It  is  then  that  the  profile 
of  the  water  consists  of  a  series  of  falls  and  the  local  inclines  differ  most 
from  the  average.  The  increase  of  depth  therefore  in  time  of  low  water  has 
the  double  eflect  of  lengthening  the  periods  during  which  navigation  is  pos- 
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sible  and  of  diminiBhing  the  efforts  necessary  for  making  head  against 
the  current  in  these  periods. 

To  define  the  depth  of  a  river  it  is  customary  to  give  the  depth  above 
a  certain  low  water  mark  which  is  taken  as  a  standard;  generally  it  is 
the  level  of  ordinary  low  water.  On  the  Rh6ne  the  level  has  been  adopted 
which  was  observed  when  the  regulation  works  were  commenced. 

The  low  water  discharge  of  the  Rh6ne  in  the  most  difficult  part,  where 
the  most  pronounced  inclines  between  tlie  Is^re  and  the  Ard^he  are  met 
with,  is  almost  entirely  supplied  by  €he  upper  Rh6ne,  the  Sa6ne  and  the 
Is^re.  The  upper  Rh6ne  and  the  IsSre,  fed  by  glaciers,  have  their  mini- 
mum in  winter;  the  Sadne,  fed  by  rains,  has  its  minimum  in  summer. 
The  conventional  low  water  of  the  Rh6ne  occurs  when  the  upper  Rh6ne 
and  the  Is^re  are  both  at  their  minimum  and  when  at  the  same  time 
the  Sa6ne  is  at  its  lowest  winter  level.  For  the  Rh6ne  to  reach  a  lower 
level  than  this,  a  long  and  cold  winter,  the  condition  of  the  minimum 
of  the  upper  Rh6ne  and  the  Is^re,  must  succeed  a  prolonged  drought  with- 
out autumn  rains,  the  condition  of  the  minimum  of  the  Sadne.  This  circum- 
stance occurred  in  1884,  a  year  when  the  supply  of  water  in  canals 
presented  serious  difficulties;  it  had  not  been  observed  before,  so  that 
the  low  water  mark  adopted  on  the  Rh6ne  as  a  standard  of  comparison 
may  be  considered  to  correspond  to  the  state  of  water  which,  without 
being  the  lowest  possible,  is  exceptional  and  rare. 

All  the  information  give  hereafter  refers  to  this  low  water-level  which 
has  been  chosen  considerably  lower  than  on  most  rivers.  It  is  essential 
that  this  should  be  known  that  the  importance  of  the  results  obtained 
may  be  fully  appreciated. 

The  above  remarks  suffice  to  show  that,  as  regards  the  mobility  of 
the  bed,  the  velocity  of  the  current  and  the  irregularity  of  the 
discharge,  the  Rh6ne  oflfers  a  more  unfavourable  combination  of  condi- 
tions than  any  other  large  navigable  river.  And  these  remarks  at  the 
same  time  reveal  the  extent  of  the  difficulties  in  the  way  of  shipping 
which  it  has  been  necessary  to  remove  to  improve  the  navigable  condi- 
tion of  the  river. 

The  principal  difficulties  met  with  by  boats  were  the  bad  direction  of 
the  channel,  the  violence  of  the  falls  over  the  shallows,  the  insufficient 
depth  and  the  prolonged  and  hrequently  unlooked-for  stoppages  which 
were  the  necessary  consequence. 

The  irregularity  of  the  channel  and  the  sharp  turns  of  the  thalweg 
did  not  admit  of  boats  being  steered  simply  by  the  helm;,  ropes  had  to 
be  used  in  these  passages  to  keep  the  boat  in  the  right  direction,  and 
this  method  was  dangerous  and  tedious,  and  as  it  had  to  be  resorted  to 
a  great  many  times  in  one  journey  it  considerably  increased  the  expense 
and  caused  much  delay. 

The  &11   of  some  rapids  at  low  water  was  such  that  boats  fitted  with 
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1000  or  1200  horse-power  were  unable  to  pass  them  without  being 
hauled  up. 

The  depth  at  low  water-level  became  0.40  m.  and  even  less  in  some 
passs^es ;  the  length  of  time  during  which  the  river  was  navigable  was 
short,  stoppages  were  produced  every  year  and  often  lasted  90  or  100 
days  and  sometimes  more. 

The  extreme  instability  of  the  bed  occasioned  at  each  flood  consider- 
able changes  in  the  channel  and  the  transport  of  enormous  quantities 
of  gravel,  causing  the  sudden  formation  of  shoals  capable  of  stopping 
navigation  even  at  comparatively  high  water. 

In  many  places  dangerous  reefs  were  to  be  feared.  Moreover  a  certain 
number  of  bridges  constructed  at  too  low  a  level  stopped  navigation 
considerably  before  the  speed  of  the  current  demanded,  and  thus  deprived 
it  of  a  fairly  long  period  when  the  river  was  available  for  fully  laden 
transports. 

In  spite  of  this  combination  of  unfavourable  circumstances  the  Rh6ne, 
upon  which  a  considerable  fleet  of  fast  and  powerful  boots  had  been 
established  besides  those  which  simply  floated  down  with  the  current, 
served  an  extensive  commercial  movement  and  continued  to  be  the  best 
way  of  communication,  both  as  regards  rapidity  and  the  low  price  of 
transport,  until  the  opening  of  railroads. 

During  this  period  of  activity  however  very  few  regulation  works  were 
undertaken  and  excepting  a  few  tow-paths  the  greater  part  of  the  works 
constructed  before  1860  are  of  another  order  and  were  generally  intended 
for  protection  against  inundations. 

But  with  the  opening  of  the  railway  from  Lyons  to  Avignon  the 
situation  changed  completely.  Finding  in  the  railroad  a  more  rapid  and 
essentially  more  regular  means  of  communication,  commerce  would  no 
longer  put  up  with  the  frequently  unlooked-for  and  prolonged  interrup- 
tions it  had  up  to  that  time  submitted  to  and  it  gradually  forsook  navi- 
gation. The  shipping  trade  then  vociferously  demanded  the  improvement 
of  the  river.  Several  projects  were  studied,  but  the  resources  swallowed 
up  every  year  in  this  sort  of  work  did  not  admit  of  the  execution  of  the 
plans.  From  1860  to  1878  only  the  worst  passages  were  attempted,  accor- 
ding as  the  needs  for  their  improvement  were  most  pressing  and  the 
extent  of  the  funds  avaUable  would  allow.  A  series  of  corrections  was 
thus  undertaken  which  were  similar  in  idea  to  the  Miribel  canal  on  the 
Upper  Rh6ne,  which  we  have  already  discribed,  but  on  a  considerably 
smaller  scale.  The  results  obtained  were  very  various;  certain  local  im- 
provements were  efiected,  but  without  the  results  being  of  any  real 
service  to  commerce,  either  because  in  many  places  the  improvements 
realised  were  compensated  by  aggravations  up  and  down  stream,  or 
because  even  without  this  inconvenience  local  improvements  were  unable 
to  modify  in  any  effective  manner  the  conditions  favourable  to  navigation. 
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the  progress  of  which  remains  uncertain  as  long  as  there  are  bad  passages 
and  is  always  regulated  by  the  worst  of  them. 

These  works  had  moreover  shown  many  errors  in  the  system  employed ; 
they  had  demonstrated  the  importance  of  a  good  form  of  bed,  the  in- 
convenience of  long  straight  stretches,  the  necessity  of  maintaining  numer- 
ous changes  in  direction  and  of  ensuring  continuity  in  the  curve  of  the 
banks,  and  the  desirability  of  lowering  the  level  of  the  dikes. 

With  these  successive  improvements  it  seemed  that  the  good  results 
obtained  in  certain  places  would  easily  be  generalised  and  that  it  was 
especially  necessary  to  continue  the  works  upon  this  method  throughout 
the  whole  length  of  the  river  at  once,  in  order  to  ensure  for  the  whole 
distance  a  really  effective  improvement  for  purposes  of  commerce. 

This  idea  gave  rise  to  the  last  project  of  improvement.  This  project 
was  adopted  by  the  law  of  18*^  May  1878  which  laid  aside  the  sum  of 
45  millions  for  its  execution. 

Work  was  immediately  begun  and  rapidly  pushed  on  with,  but  the 
more  it  progressed  the  more  evident  the  errors  in  the  system  adopted 
became;  it  was  clear  that  the  inconveniences  observed  were  not  only  due 
to  the  lack  of  solidarity,  but  also  to  the  principle  itself  upon  which  the 
method  was  based,  and  the  fact  had  to  be  recognised  that  by  a  system 
of  regulation  based  upon  the  confinement  of  the  bed  with  low  leading 
dams  which  should  fix  the  normal  profile,  complete  success  would  not  be 
obtained  and  only  a  partial  and  insufficient  improvement  would  be 
realised. 

This  conduced  to  the  employment  of  cross  works,  concurrently  with 
the  leading  dams,  and  to  the  completion  and  modification  by  means  of 
sunken  works  of  the  action  of  works  rising  above  the  water ;  their  effect 
would  be  better  noted  and  advantage  would  be  derived  from^them. 
These  works  however  were  not  new;  they  had  frequently  been  proposed 
and  employed  in  France  and  abroad;  but  the  use  made  of  them  on  the 
Rh6ne,  under  the  conditions  that  we  have  indicated,  constitutes  a  method 
that  is  new  in  most  respects,  not  only  as  regards  the  employment  and 
combination  of  the  different  types  for  obtaining  combined  effects,  but 
also,  as  appears  from  the  account  we  have  given,  from  the  principles 
themselves  upon  which  they  are  based  and  from  the  difference  in  the 
end  it  is  sought  to  attain. 

The  first  trials  on  this  new  method  were  in  1882;  they  were  continued 
for  two  years;  the  success  obtained  and  the  experience  acquired  have 
established  opinions  and  allowed  of  the  formulating  of  the  very  simple 
rules  which  we  have  stated  and  which  since  1884  have  been  applied  to 
new  works,  while  at  the  same  time  the  type  of  the  old  works  was  followed 
as  nearly  as  possible. 
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§  4.    Results  obtained. 

Although  the  regulation  works  upon  the  RhOne,  undertaken  upon  the 
passing  of  the  law  of  13**»  May  1878,  are  not  entirely  finished  and 
although  their  construction  must  continue  for  several  years  longer,  the 
bulk  of  the  work  is  complete;  what  remains  to  be  done  is  inconsiderable 
and  the  expense  of  it  does  not  amount  to  much;  these  works  will  be 
more  especially  for  the  consolidation  of  the  results  obtained;  the  limit  of 
possible  progress  is  now  almost  reached  and  the  conditions  of  naviga- 
bility, at  present  very  satisfactory,  are  hardly  susceptible  of  further 
modification. 

Having  got  so  far  it  is  therefore  possible  to  judge  of  the  importance 
of  the  progress  effected  and  to  define  the  new  conditions  shipping  encoun- 
ters today  upon  the  Rh6ne. 

This  progress  is  seen  in  the  increase  in  the  minimum  depth,  the 
reduction  of  the  number  of  bad  passages  and  consequently  the  extension 
of  the  periods   favourable  to  navigation,  and  the  reduction  of  stoppages. 

Increase  of  minimum  depth  at  low  water.  —  The  minimum 
depth  before  the  regulation  often  fell  below  0.40  m.  in  a  certain  number 
of  passages  (it  has  even  descended  to  0.35  m.  and  0.30  m.).  This  depth 
has  increased  progressively  and  the  observations  taken  at  low  water  since 
1878  enable  us  to  quote  the  following  figures  for  the  minimum: 


At  low  water  in  1878  the  depth  was  O.iO  m. 

«         «i  mm  1882  9  f  *  OJSO    m 

mm  n          •  1884  m  m  m  090    * 

mm  mm  1887  «  n  «  1.06    t> 

«        «  mm  1808  m  m  m  1.36    « 


This  minimum  of  1.25  m.  may  be  counted  upon  today;  it  only  exists 
in  one  passage  which  is  in  the  course  of  transformation.  Therefore 
0.85  m.  has  been  gained  upon  the  condition  before  the  r^ulation  works 
were  commenced;  the  minimum  depth  has  become  more  than  three  times 
what  it  was.  The  actual  gain  for  shipping  is  still  more  considerable, 
because  the  direction  of  the  channel  is  better,  the  transition  from  one 
curve  to  another  is  less  abrupt,  from  which  it  results  that  boats  are 
more  easily  able  to  follow  the  line  of  greatest  depth  and  make  use  of 
the  deepest  channel  available. 

Reduction  of  the  number  of  bad  passages.  —  The  number  of 
bad  passages  in  which  there  is  at  no  time  a  depth  sufficient  for  boats 
when  fully  laden  has  been  decreasing  every  year. 

The  depth  available  on  each  ridge  is  determined  by  soundings  which 
are  taken  every  week  in  time  of  low  water  and  every  fortnight  when 
the  water  is  at  an  average  height.  All  the  soundings  relating  to  one 
shallow  are  expressed  by  a  curve  drawn  after  a  scale  by  which  the 
position   of  the   low   water   mark  is  determined.  The  examination  of  the 
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curve  therefore  enables  us  at  any  given  moment  to  find  what  the  depth 
would  be  in  the  shallow  if  the  water  reached  the  low  water-level,  and 
consequently  to  determine  by  means  of  the  plan  of  com^rison  the 
position  of  shallows  throughout  the  whole  length  of  the  river. 

The  following  table  summarises  this  situation  for  a  few  years  since 
the  commencement  of  the  works;  these  years  have  been  chosen  from 
those  which  have  given  the  lowest  water-levels  and  during  which  it  was 
possible  to  check  the  depth  at  low  water  from  direct  observation. 

The  results  are  given,  first  for  each  of  the  districts  into  which  the 
Rh6ne   is   divided,  and  afterwards  grouped   together  for  the  whole  river. 

Diagrams  annexed  to  this  Report  reproduce  in  a  striking  manner  the 
same  indications  for  three  years :  for  1878  at  the  commencement  of  the 
works,  for  1884  a  year  of  exceptionally  low  water,  and  for  last  year, 
1893  (PL  XII,  XIII,  XIV).  Low  water-level  has  been  represented  in 
these  diagrams  by  a  horizontal  line  and  depths  of  1.00  m.,  1.20  m., 
1.40  m.  and  1.60  m.  are  marked  below.  The  existing  shallows  are  marked 
in  their  kilometric  position  and  at  their  depth  below  low  water. 

These  diagrams  as  well  as  the  table  are  most  instructive ;  the  improve- 
ment effected  is  shown  in  them  most  clearly,  as  a  few  examples  will 
suflBice  to  prove. 

The  passages  which  presented  less  than  1.20  m.  at  low  water  were 
81  m.  in  number  before  the  regulation  was  effected ;  only  10  remained  in 
1884,  3  in  1887  and  none  today. 

The  passages  which  were  less  than  1.40  m.  in  depth  were  104  m. 
in  number  before  the  regulation;  31  remained  in  1884,  16  in  1887  and 
only  3  today. 

But  this  examination  not  only  shows  that  the  progress  has  been  con- 
siderable, but  also  that  this  progress  is  regular  and  constant  and  becomes 
more  pronounced  year  by  year,  a  fact  which  is  not  less  important  since 
it  points  to  the  favourable  duration  of  the  results  obtained. 

It  may  therefore  be  very  reasonably  supposed  that  in  course  of  time 
and  with  the  help  of  a  few  improvements  the  minimum  low  water-level 
will  be  raised  to  about  1.40  m.  or  1.50  ra.  The  detailed  study  of  the 
regulated  passages  would  perhaps  lead  to  more  sanguine  expectations;  it 
seems  however  of  little  use  to  go  into  the  matter  as  the  conclusions 
would  be  too  uncertain.  In  work  of  such  an  entirelv  novel  character,  to 
which  experience  everyday  reveals  more  certain  facts  and  by  degrees 
supplies  data  to  a  science  that  is  still  imperfect,  it  seems  prudent  to 
pass  over  doubtful  eventualities  and  to  regard  only  the  realities  before  us. 
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These  results  correspond  nowadays  to  a  very  satisfactory  state  of  naviga- 
bility, but  which  the  above  figures  however  much  information  they  may 
give  do  not  alone  suffice  to  make  perfectly  evident.  It  is  easy  to  show 
in  a  still  clearer  manner  the  importance  of  the  improvement  effected  and 
the  advantages  it  ensures  for  navigation. 

Lengthening  of  periods  favourable  to  navigation.  —  On 
a  canal  or  canalised  river,  the  depth  is  almost  constant;  it  is  one  of  the 
essential  conditions  of  navigability  on  the  waterway  under  consideration; 
but  on  a  river  of  a  variable  nature  and  free  course  like  the  Rh6ne,  the 
depth  is  variable,  and  its  minimum  at  low  water  gauges  these  same 
conditions  of  navigability  the  more  imperfectly  as  the  low  water-level 
with  which  this  depth  is  compared  represents  a  more  exceptional  and 
unusual  state  of  water  and  as  this  minimum  is  consequently  also  excep- 
tional and  unusual. 

To  have  a  suitable  means  of  comparison  with  other  navigable  ways* 
it  is  necessary  to  translate  these  data  and  extract  the  duration  of  periods 
favourable  to  navigation,  or  better  still  the  average  duration  corres- 
ponding to  the  various  depths  according  to  the  supposed  or  already 
realised  minimum  of  low  water. 

This  result  may  be  obtained  in  the  following  manner: 

By  studying  the  nature  of  the  shoals  it  is  found  that  when  the 
water  rises  the  depth  rarely  increases  in  proportion  to  the  variation 
registered  by  the  neighbouring  scale,  and  it  becomes  apparent  that  under 
the  most  unfavourable  conditions  a  rise  of  0.25  m.  only  corresponds  to 
an  increase  of  0.20  m.  on  the  shoal. 

On  the  other  hand  by  comparing  the  movement  of  the  water  with  the 
principal  scales  on  the  Rhdne  a  calculation  has  been  made  of  the  num- 
ber of  days  during  which  the  water  keeps  at  a  height  varying  from  one 
0.25  m.  to  another.  This  list  has  been  made  for  a  period  of  twenty  years, 
from  1871—1890,  and  the  condition  of  the  water  during  an  average  year 
has  been  deduced.  This  condition  varies  from  one  section  of  the  river  to 
another,  the  water  falling  more  or  less  rapidly  or  with  greater  frequency  in 
each  of  them  according  to  the  character  of  the  tributaries  which  feed  it. 
The  section  presenting  the  most  unfavourable  conditions  has  been  chosen, 
a   section   in   which   low   water  occurs  most  frequently  and  lasts  longest. 

The  figures  indicating  the  number  of  days  during  which  the  water 
remains  at  a  height  varying  from  one  0.25  m.  to  another  above  low 
water-level,  evidently,  from  what  has  been  said  above,  give  the  number 
of  days  during  which  the  depth  varies  from  one  0.20  m.  to  another 
above  the  minimum  at  low  water-level. 

The  results  of  these  calculations  are  collected  together  in  the  following 
tables  which  give,  under  slightly  different  forms,  the  conditions  af  navi- 
gability corresponding  to  the  minimum  depths  at  low  water  which  vary 
from  0.40  m.  to  1.60  m. 
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Number   of  days   corresponding  to  the  variations  in  depth  within  the 
following  limits: 


The  minimum  at  low  water  being 

DEPTH: 

0.40  m. 

OM  m. 

0.90  m. 

LOS  m. 

1.35  m. 

1.40  m. 

Situation 

Situation 

Situation 

Situation 

Sltnatlon 

Probablr 

1.60  m. 

in  187& 

In  1882. 

in  1884. 

in  1887. 

in  18S3. 

sitaation 

* 

Days. 

Days. 

Days. 

Day.'. 

Days. 

Days. 

Days 

below  the   minimum 

2 

2 

2 

2 

2 

2 

2 

between  0.40  m.  and  0.60  m. 

9 

„       0.60  „    „    0.80  „ 

18 

« 

„       0.80  „    „    1.00  „ 

26 

9 

4 

„       1.00  „    „    1.20  „ 

37 

18 

13 

6 

„       1.20  „    „    1.40  „ 

46 

26 

22 

16 

6 

„       1.40  „     „    1.60  „ 

45 

37 

33 

24 

16 

9 

„       1.60  „    „    1.80  „ 

43 

46 

41 

35 

24 

18 

9 

„       1.80  „    „    2.00  „ 

38 

45 

44 

42 

35 

26 

18 

above  2.00  „ 

101 

182 
365 

206 

240 

282 
365 

310 

336 

366 

365 

365 

366 

365 

In  this  first  form  we  have  for  each  stage  the  number  of  days  corres- 
ponding to  the  variations  in  depth  within  the  given  limits.  It  may  be 
seen  that  as  a  rule  the  water  remains  for  two  days  in  the  year  below 
the  low  water-level  (that  is  for  40  days  during  the  period  of  twenty 
years  which  have  been  taken  to  arrive  at  the  average);  it  may  fall  to 
about  0.25  m.  below  and  consequently  during  these  two  days  leave  only 
a  depth  of  less  than  0.20  m.  for  the  corresponding  minimum. 

The  same  results  may  be  given  in  a  still  more  practical  form  by 
showing  the  number  of  days  during  which  the  depth  is  above  a  certain 
limit,  that  is  the  number  of  days  during  which,  given  a  minimum  low 
water-level,  boats  may  be  loaded  to  such  and  such  a  degree.  The  second 
table  shows  this. 
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Number  of  days  corresponding  to  a  depth  above  the  following  limits: 


The  minimum 

1  at  low  water  being. 

DEPTH: 

0.40  m. 

OM  m. 

090  m. 

IMm. 

IMm. 

1.M  m. 

"^ 

Situation 

Sitaatlon 

Situation 

Sltnatlon 

situation 

Probable 

i.aom. 

In  187& 

In  18S2. 

In  last. 

In  1^. 

In  1893. 

situation 

Above  0.40 

m. 

Days 

363 

Days 

Days 

Days 

Days 

Days 

Days 

„     0.60 

354 

„     0.80 

336 

363 

363 

„     1.00 

310 

354 

369 

363 

„      1.20 

273 

336 

346 

357 

363 

.,     1.40 

227 

310 

324 

341 

357 

363 

„      1.60 

182 

273 

291 

317 

341 

354 

363 

„     1.80 

139 

227 

250 

282 

317 

336 

354 

„      2.00 

101 

182 

206 

240 

282 

310 

336 

These  figures  facilitate  the  comparison  between  the  successively 
different  conditions  through  which  the  improvements  have  passed  and 
those  that  it  may  be  hoped  will  be  obtained.  We  will  confine  ourselves 
to  comparing  the  condition  before  the  work  began  and  the  present  time 
by  bringing  together  the  corresponding  figures  in  another  table  which 
will  show  the  gain  realised  for  each  depth  from  the  minimum  0.40  m. 
up  to  2.00  m. 


• 

niMr  of  days  ii  ai  mm  iw  comspoiiiiiE  ta  mter 
iBitki  tHai  iiilcatai  hy  tia  liirei  lelow. 

0.40  m. 

0.60  Dl. 

O^HOm. 

1.00  m. 

l.!tDm. 

1.40  m. 

1.00  m. 

lOWni. 

100  ra. 

Present  condition  (1893)    .    . 

365 

365 

365 

365 

363 

357 

342 

317 

282 

Before  the  improvements   .    . 

363 

354 

336 

310 

273 

227 

182 

139 

101 

Difference 

2 

11 

29 

55 

90 

130 

160 

178 

181 

Thus  before  the  improvements  the  minimum  depth  at  low  water  fell 
to  0.40  m. ;  there  was  a  depth  of  more  than  1.60  m.  during  182  days 
and  more  than  200  m.  during  101  days. 
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Now  that  the  minimum  depth  at  low  water  is  1.25  m.,  there  is  more 
than  1.60  m.  for  342  days  and  more  than  2.00  m.  for  282  days ;  160 
days  have  been  gained  for  the  first  depth  and  181  days,  m  months,  for 
the  second. 

If  a  minimum  of  1.40  m.  is  arrived  at,  as  observation  seems  to 
indicate  we  may  depend  upon,  there  will  be  a  depth  of  more  than 
1.60  m.  during  364  days  and  of  more  than  2.00  m.  during  310  days; 
the  duration  of  this  last  depth  will  be  more  than  trebled. 

This  comparison,  besides  its  principal  result,  namely  the  demonstration 
of  the  improvement  effected,  confirms  the  observation  made  above  and 
shows  how  far  the  expression  of  the  minimum  depth  is  always  insuf- 
ficient to  characterise  the  navigable  conditions  of  a  river  with  an  open 
course.  Taken  in  an  absolute  sense  it  shows  between  a  state  in  the  river 
which  gives  1.60  m.  at  low  water  and  that  which  gives  only  1.25  a 
difference  which  as  regards  commercial  utility  appears  at  first  sight  enor- 
mous ;  in  reality  the  question  is  reduced  to  this :  in  the  first  case  there 
will  be  more  than  1.60  m.  for  363  days,  and  in  the  second  case  there 
will  be  more  than  1.60  m.  for  341  days.  The  difference  only  comes  to 
22  days  during  which  the  depth  remains  between  1.25  m.  and  1.60  m., 
and  is  not  less  than  1.40  ra.  for  more  than  6  days. 

Thus  the  observation  we  made  at  the  commencement  of  this  paragraph 
is  confirmed;  the  actual  minimum  depth  at  low  water  will  continue  to 
increase ;  real  advantages  for  navigation  and  greater  safety  for  goods  will 
certainly  be  the  result ;  but  the  combination  of  conditions  favourable  to 
navigation  cannot  be  further  modified  to  any  great  extent,  because  their 
transformation  is  almost  entirely  accomplished  and  the  margin  of  possible 
progress  is  very  much  reduced. 

Reduction  of  stoppages  at  low  water.  —  The  lengthening  of 
the  periods  of  easy  navigation  corresponds  to  a  reduction  of  the  duration 
of  stoppages.  It  is  useful  in  this  manner  to  show  the  progress  made; 
in  fact  the  stoppages  have  the  effect  of  reducing  the  cargoes  and 
they  especially  influence  commercial  movements,  because  by  decreasing 
the  utility  of  the  plant  they  increase  the  cost  of  transport ;  but  when 
they  last  a  very  long  time  and  occur  in  a  more  or  less  unlooked-for 
manner,  as  was  the  case  upon  the  Rh6ne,  they  exercise  a  still  more 
pernicious  influence,  rendering  it  impossible  to  maintain  regularity,  a 
condition  not  less  essential  than  a  good  market  for  a  large  trans- 
port trade. 

Stoppages  in  consequence  of  low  water  have  almost  ceased  to  occur 
and  the  progressive  manner  in  which  the  commencement  of  them  has 
been  retarded  demonstrates  the  extent  of  the  progress. 

The  following  table  gives  for  each  year  the  height  above  low  water-level 
at  which  navigation  became  impossible. 
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In  1874  this  height  was OdO  m. 

•  1877      «         t.  • 0.78   • 

f>    1878     f  o  « a73   « 

n    1879     «         «         n 0.87   * 

«  1880    n       •       1 aeo  • 

•  1881     «         •         0.6S   n 

•  1883     *         «         « 0.86   I. 

In  1883  navigation  was  not  interrupted  and  in  1884  it  was  only 
stopped  when  the  water  reached  low  water-level.  In  1884  the  water  was 
quite  exceptionally  low  and  for  the  first  time  since  observations  have 
been  taken  on  the  Rh6n^  it  went  below  the  low  water-level.  Navigation 
was  able  to  continue  until  this  extremely  low  level  was  reached;  there- 
fore the  depth  in  1884  at  this  low  water-level  was  0.90  ra.,  whereas  in 
1874  it  was  0.40  m.  With  this  minimum  of  0.40  m.  below  low  water- 
level,  when  the  water  was  0.80  m.  above  this  level  the  depth  became 
1.05  m.  and  boats  which  could  still  navigate  with  advantage  when 
drawing  0.85  m.  were  obliged  to  stop;  whereas  in  1884  with  a  depth  of 
0.90  m.  on  one  ridge  and  0.95  m.  on  others  they  were  still  able  to  pass. 
The  gain  for  navigation  therefore  has  been  more  considerable  than  is 
indicated  by  the  increase  in  depth,  and  while  the  depth  on  the  ridges 
increased  only  0.50  m.  the  level  of  the  water  which  stopped  navigation 
was  reduced  by  0.80  m.  This  is  due,  as  has  been  said  above,  to  the  fact 
that  the  direction  of  the  channel  is  easier  to  follow  over  the  more  sub- 
merged ridges  and  consequently  the  available  depth  can  be  better 
utilised. 

Since  the  winter  of  1884 — 85  stoppages  at  low  water  have  almost 
ceased  to  occur,  and  during  the  last  nine  years  there  has  only  been  one 
stoppage  due  to  this  cause  which  has  lasted  for  eight  consecutive  days. 
It  must  also  be  remarked  that  although  this  stoppage  was  occasioned  by 
the  extremely  low  level  of  the  water,  the  main  cause  of  it  was  not  due 
to  the  decrease  in  depth;  navigation  was  not  completely  interrupted 
during  these  eight  days  and  some  boats  continued  or  their  course;  but 
this  stoppage  occurred  with  the  first  frosts  of  the  winter  of  1890—91 
and  it  was  caused  more  particularly  by  the  severe  cold  which  froze  the 
ropes  and  rendered  navigation  very  difficult  and  trying;  it  was  moreover 
of  little  importance  as  the  other  navigable  Mrays  were  closed  and  the 
ports  of  Lyons  cotild  not  be  approached. 

During  the  period  from  1871 — 77,  before  the  regulation  was  eflFected, 
there  were  stoppages  for  479  days,  or  an  average  of  71  a  year,  for  111 
days  in  1871,  102  in  1872,  145  in  1874, 

During  the  first  period  in  which  regulation  was  attempted,  from  1878 
to  tiie  end  of  1884,  there  were  stoppages  for  171  days,  or  an  average  of 
24  days  a  yeah  If  navigation  had  had  to  xseta^  with  0.80  m.  above  low 
water,  as  was  the  case  before  the  regulation,  there  woiild  have  been 
stoppages  for  375  days,   or  an  average  of  55  a  year.  In  1884  when  the 
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water  was  exceptionally  low  there  were  stoppages  for  44  days;  there 
wonld  have  been  stoppages  for  145  days  under  the  conditions  existing 
in  1874. 

Since  the  end  of  1884  the  total  for  stoppages  has  been  23  days,  which 
gives  an  average  of  3  days  a  year;  there  would  been  have  76  if  navigation 
had  had  to  cease  at  0.80  m.  above  low  water-level ;  and  there  would 
have  been  stoppages  for  112  days  in  1890  and  for  107  in  1891,  or  219 
days  for  these  two  years,  during  which  in  reality  the  last  interruption 
to  navigation  only  lasted  8  days. 

On  an  average  for  66  days  the  water  is  less  than  0.80  m.  above  low 
water ;  this  is  therefore  the  average  length  of  time  stoppages  would  last 
if  an  improvement  in  the  river  had  not  been  effected.  Under  the  present 
state  of  things  however,  with  a  minimum  depth  of  1.25  m.  at  low  water, 
a  considerably  lower  level  than  this  would  be  necessary  to  arrest  navi- 
gation. But  the  water  only  remains  below  this  level  for  2  da^'^s  in  the 
year,  therefore  the  possible  length  of  time  for  stoppages  to  last  is  redu- 
ced to  a  maximum  of  2  days  in  the  year  instead  of  66.  It  may  be  said 
without  exaggeration  that  stoppages  at  time  of  low  water,  which  were 
formerly  a  serious  matter,  practically  no  longer  occur. 

Suppression  of  other  hindrances  to  navigation.  —  But  the 
improvement  does  not  simply  consist  in  the  increase  of  the  depth,  the 
suppression  of  stoppages  at  times  of  low  water,  and  the  lengthening  of 
the  periods  favourable  to  navigation ;  other  less  important  but  still  con- 
siderable results  have  been  obtained.  The  channel  has  been  regulated, 
the  transition  from  one  curve  to  another  has  been  rendered  less  abrupt 
in  proportion  as  the  depth  upon  the  shallows  increased;  the  manoeuvres 
of  boats  have  been  simplified  and  steering  has  been  made  easier,  while 
the  falls  have  been  lengthened  out,  the  rapids  reduced,  and  the  draught 
of  boats  has  continually  increased. 

Moreover  the  greater  part  of  the  dangerous  reefs  have  been  cut  down 
and  the  bridges  that  were  too  low  have  been  raised,  so  that  navigation 
has  not  only  been  possible  for  a  greater  length  of  time  during  low  water, 
but  it  has  also  been  considerably  extended  during  high  water. 

The  only  obstacles  which  have  not  been  reduced  are  those  upon  which 
regulation  works  can  have  no  effect  —  fogs  and  winds  which  never  cause 
long  interruptions  but  merely  delays,  high  floods  which  quickly  subside 
and  ice  which  only  appears  upon  the  Rh6ne  later  and  lasts  less  time 
than  upon  other  navigable  ways. 

Comparative  summary  of  the  combination  of  conditions 
favourable  to  navigation  before  and  after  the  construction 
ofthe  works.  —  As  a  conclusion  to  this  investigation  it  will  be  well 
to  summarise  the  combination  of  circumstances  which  determine  the  na- 
vigability of  a  river  and  thus  to  compare  the  present  with  the  former 
condition  of  the  Rhdne.  This  is  effected  in  the  following  table. 
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In  this  table  the  year  has  been  divided  into  three  periods : 

1.  That  in  which  navigation  is  impossible  on  account  of  floods,  low 
water,  ice,  winds  or  fogs.  This  period  which  consisted  of  93  days  is  re- 
duced to  14. 

2.  That  in  which  navigation  is  possible  but  difficult  and  tedious  on 
account  of  the  complication  of  manoeuvres  and  the  reduction  of  cargoes. 
This  period  which  consisted  of  129  days  is  reduced  to  14  and  other 
improvements  besides  the  increased  depth  have  singularly  lessened  the 
difficulties. 

3.  The  period  in  which  navigation  was  easy  for  boats  when  fully 
laden,  which  used  to  last  for  145  days,  is  now  increased  to  387  days. 


Comparative*  table  of  the  combination  of  conditions  favourable  to 

navigation  in  an  average  year. 


Before 
the  regu- 
lation. 


Navigation 
interrupted 

by 


Navigation 
rendered 
difficult 


Ice. 

Fog  and  wind. 

Low  water. 

Floods  more  than  4.50  m.  above  low 

water-level. 
Lowness  of  the  bridges. 

on  account  of  necessary  reduction  of 
cargo  and  the  difficulty  of  steering 
and  manoeuvring. 


Days. 
6 


2 
66 

4 

15 


Present 
condition. 


93 


1^29 


Navigation  j  for  boats  when  fully  laden,  steering 
rendered  |  being  easy  and  the  currents  mana- 
difficult     I      geable. 


143 


365 


Days. 
6 


2 
2 


14 


14 


337 


365 


Gain. 


Days. 


77 


115 


192 


Formerly  the  state  of  the  Rh6ne  could  be  very  simply  defined : 
Navigation   vxis   stopped  for   three  months,  was  difficult  for  four  and  easy 
for  five. 

Today  however  we  can  count  upon : 

Fourteen    days    during  which  navigation  is  interrupted^   fourteen  during 
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which   it  ia  difficiUt,   though   not  so  mttch  ao  as  formerly^  and  eleven  months 
during  which  it  is  easy  for  vessels  when  fully  laden. 

There  are  probably  few  navigable  ways  on  which  the  combination  of 
conditions  is  better ;  the  only  difficulty  which  still  exists  is  the  velocity 
of  the  current,  which  cannot  be  modified  more  than  has  been  done  by 
the  toning  down  of  the  falls ;  it  is  certainly,  considerable,  but  it  only 
tells  upon  one  of  the  items  among  the  expenses  of  transport,  viz.  the 
traction,  and  it  is  every  day  reduced  by  the  progress  made  in  mechanical 
arrangements.  Moreover  the  great  speed  of  the  Rh6ne  is  due  to  its 
incline  and  the  shortness  of  its  course,  and  if  the  boats  which  have  to 
overcome  these  difficulties  cannot  hope  to  make  their  tariffs  as  low  as 
on  navigable  ways  without  a  rapid  current,  they  at  least  find  a  partial 
compensation  for  this  inconvenience  in  the  fact  that  they  have  not  to 
traverse  the  great  distances  which  many  waterways  present. 

The  enormous  change  upon  the  Rh6ne  in  the  conditions  favourable  to 
navigation  has  allowed  of  steamboats  utilising  their  full  capacity  and 
doubling  their  tonnage  without  increasing  their  dimensions.  The  nimiber 
of  vessels,  formerly  excessive,  is  now  insufficient  to  satisfy  the  growing 
needs  of  commerce  and  the  necessity  of  increasing  it  has  become  most 
pressing. 

Two  causes  have  prevented  this  from  being  done  already ;  one  was 
the  timidity  felt  by  capitalists  unaccustomed  to  enterprises  of  this  nature 
on  account  of  the  falling  off  of  navigation  after  the  opening  of  railroads 
and  the  difficulties  met  with  before  the  regulation  was  effected;  the 
other  was  the  uncertainty  prevailing  with  regard  to  the  importance  and 
duration  of  the  improvements  which  might  result  from  these  works  and 
consequently  with  regard  to  the  manner  in  which  boats  should  be  built 
for  a  profit  to  be  realised'  These  two  causes  have  disappeared.  The 
improvement  realised  has  allowed  of  freights  being  reduced  and  of  the 
establishment  of  regularity  such  as  never  existed  before,  and  these  two 
results  have  brought  back  the  trade  to  the  river  and  with  it  the  con- 
fidence of  the  public;  moreover  the  evidence,  magnitude  and  excel- 
lence of  the  results  have  become  certain  and  the  new  conditions  of 
the  river  are  today  well  defined  and  well  known.  The  boats  have  also 
undergone'  considerable  transformation  and  their  size  has  been  increased, 
a  large  number  of  new  ones  are  in  course  of  construction  and  we  might 
with  little  risk  of  mistake  assign  an  almost  certain  date  in  the  near 
future  to  a  large    development  of  the  commercial  movement 

Indirect  advantages  resulting  from  the  works.  —  Besides 
the  improvements  realised  with  respect  to  navigation,  the  works  upon 
the  Rh6ne  have  resulted  in  advantages  of  another  kind  which  are  cal- 
culated in  course  of  time  to  indirectly  produce  a  notable  increase  in  the 
public  wealth. 

That  part  of  the   Rh6ne   which  has  not  been  regulated  is  divided  up 
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into  a  number  of  branches  and  spreads  over  a  considerable  area.  A 
glance  at  the  chart  of  the  river  which  has  existed  for  rather  more  than 
twenty  years  shows  false  branches  in  every  direction  and  often  one  or 
several  positions  abandoned  by  the  main  channel.  In  many  places  the 
surface  occupied  by  these  branches  is  several  kilometres  wide  and  when 
the  Rh6ne  moves  to  one  side  or  the  other  it  destroys  everything  if  meets 
with  and  leaves  behind  it  stretches  of  sand  and  gravel  that  are  of  no 
value  or  utility. 

On  the  lower  Rh6ne,  below  Lyons,  the  danger  of  the  banks  being 
undermined  and  washed  away  has  for  a  long  time  been  contended  with 
and  the  area  given  up  to  the  capricious  movements  of  the. river  has  been 
considerably  reduced.  When  the  works  were  commenced  this  area  was 
still  considerable  and  as  regards  the  danger  it  entailed  could  be  divided 
into  two  parts,  in  one  of  which,  the  furthest  from  the  stream,  the  land 
was  cultivated  but  had  a  depreciated  value  on  account  of  the  risk  of  the 
crops  being  carried  away;  the  other  part,  in  the  immediate  neighbour- 
hood of  the  stream,  consisted  of  land  which  yielded  practically  nothing 
and  the  possession  of  which  was  in  the  last  degree  precarious. 

This  state  of  things  has  already  been  considerably  modified  wherever 
the  regulation  works  have  been  completed,  the  banks  are  fixed  and  the 
property  which  was  exposed  to  the  danger  of  disappearing  no  longer  has 
anything  to  fear.  Moreover  accretion  is  produced  behind  the  works, 
alluvial  soil  is  formed  and  vegetation  commences;  in  some  places  the 
modification  has  been  fairly  rapid  and  the  number  of  farmers  anxious 
to  rent  this  recently  formed  land  continually  increases.  These  holdings 
are  becoming  more  and  more  numerous  and  it  is  of  the  highest  impor- 
tance to  encourage  their  occupation.  By  these  means,  that  is  to  say  by 
renting  for  short  periods  the  recent  alluvial  deposits  which  are  still 
covered  at  mean  water-level,  the  State  finds  itself  in  a  position  to  direct 
the  formation  of  these  deposits  so  that  they  may  not  be  provoked  by 
works  which  might  be  prejudicial  to  the  general  interests  of  the  valley, 
which  would  certainly  be  the  case  if  they  remained  the  property  of  per- 
sons dwelling  on  the  river  banks. 

Although  the  fixing  of  the  banks  improves  the  property  while  it 
ensures  its  preservation,  if  must  be  remembered  that  it  has  been  eflFected 
with  the  object  of  bringing  together  the  low  waters  into  a  summer  bed 
which  is  naturally  narrow  and  quite  inadequate  in  time  of  floods.  And  if 
the  alluvial  deposits  which  form  behind  the  works  were  not  kept  at  a 
sufficiently  low  level  to  allow  of  the  expansion  of  the  high  waters  and 
floods,  the  height  and  violence  of  these  latter  would  rapidly  increase  and 
would  endanger  both  the  preservation  of  the  works  and  even  the  safety 
of  the  property  which  their  presence  had  brought  into  existence. 

The  lands  reclaimed  from  the  river  should  therefore  be  kept  at  a  low 
enough  level  for  them  to  be  inundated  by  the  highest  floods.  This  however 
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need  not  prevent  them  from  acquiring  a  considerable  valne.  Formed 
between  the  works  that  slope  towards  the  river  they  naturally  assume  a 
similar  incline  and  when  the  water  covers  them  it  will  merely  pass  over 
them  and  flow  away  again  leaving  behind  the  fertilising  elements  it  has 
brought  down,  which  will  go  a  long  way  towards  compensating  any 
damage  that  may  have  been  occasioned.  Such  has  been  the  result  upon 
the  Rhdne.  In  the  upper  part  of  its  course  there  have  for  several  centu- 
ries existed  dikes  which  were  constructed  as  a  protection  against  inunda- 
tions; between  these  dikes  alluvial  deposits  have  been  formed  which  are 
often  inundated  and  which  nevertheless  in  some  cases  have  become  more 
valuable  than  lands  in  the  immediate  neighbourhood  which  are  beyond 
the  reach  of  the  floods. 

What  will  the  twofold  increase  in  value  amount  to  resulting  on  the  one 
hand  from  the  security  to  property  throughout  a  widely  extended  area, 
and  on  the  other  hand  from  the  absolute  creation  of  new  lands  of  perhaps 
equal  dimensions?  It  is  difficult  to  foresee  and  it  will  always  be  difficult 
to  calculate;  the  first  it  will  always  be  difficult  to  estimate  and  the 
second  will  always  be  represented  by  the  whole  value  of  the  newly 
formed  lands.  And  if  it  is  remembered  that  the  area  which  benefits  from 
these  works  in  either  one  way  or  the  other  stretches  over  a  distance  of 
more  than  300  km.  and  amounts  to  several  thousand  hectares,  it  will  be 
apparent  that  the  total  increase  in  value  is  considerable  and  more  or  less 
equivalent  to  the  amount  expended  on  the  works. 

§  5.  Coat. 

The  cost  provided  against  by  the  law  of  13***  May  1878  was  45 
millions,  which  covered  besides  the  regulation  works  a  certain  number 
of  undertakings  which  were  not  directly  connected  with  the  improvement 
of  the  channel.  The  expenses  actually  incurred -for  the  combination  of 
works '  of  the  first  project  amounted  to  fr.  39,500,000.  We  may  therefore 
be  certain  that  they  will  be  completed  within  the  prescribed  limits. 

If  from  the  total  cost  we  deduct  that  of  the  works  which  have  no 
connection  with  the  regulation  properly  so  called,  the  cost  of  the  latter 
actually  amounts  to  fr.  36,900,000,  or  for  the  324  km.  in  question  a  cost 
of  fr.  114,000  per  kilometre,  and  this  may  when  the  work  is  complete 
amount  to  fr.  120,000  or  fr.  125,000. 

This  cost,  which  is  less  than  any  other  system  of  regulation  would 
have  entailed,  would  have  been  less  still  if  we  had  from  the  commence- 
ment had  a  knowledge  of  the  methods  which  have  been  gradually 
developed  from  the  experience  acquired  in  the  earlier  stages  of  the 
work  and  the  observations  of  all  the  engineers  who  took  part  in  the 
management. 

It  must  in  fact  be  remarked  that  until  1882  the  only  system  adopted 
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was  that  of  leading  dams  to  fix  the  normal  profile  and  the  very  elaborate 
forms  given  to  these  frequently  involved  tedious  and  costly  work.  The 
first  attempts  upon  another  method  were  only  made  for  the  first  time 
in  1882,  and  it  is  only  since  1884  that  the  experience  acquired  has  allow- 
ed of  the  definite  adoption  of  the  system  that  we  have  described  and 
which,  while  it  efiects  less  change  in  the  natural  form,  is  more  easy  of 
execution  and  is  less  expensive. 

The  comparison  of  the  expenses  during  these  two  periods  and  of  the 
results  they  have  given  respectively  completely  established  the  fact  that 
the  second  method  is  the  most  economical. 

The  diagrams  of  the  position  of  the  shoals  before  1878  and  in  1884 
show  the  progress  made  during  this  first  period;  the  corresponding  cost 
of  the  work  was  in  round  numbers  fr.  82,500,000. 

The  comparison  of  the  diagrams  for  1884  and  1898  shows  the  progress 
made  during  the  second  period;  the  cost  of  the  regulation  works  amoun- 
ted to  fr.  4,400,000. 

The  saving  due  to  the  change  of  system  is  certainly  less  than  the 
difierence  between  these  amounts,  for  many  works  of  the  first  period 
have  contributed  to  the  progress  made;  but  at  the  same  time  many  of 
them  had  to  undergo  great  alterations  and  a  good  many  had  to  be 
demolished,  especially  the  dikes  on  the  convex  banks,  most  of  which 
were  pulled  down. 

However  without  stating  a  definite  sum  it  clearly  results  from  this 
comparison  that  the  diflference  in  cost  between  the  two  methods  is  con- 
siderable and  it  is  certain  that  we  shall  find  in  the  one  which  complies 
most  with  the  laws  which  regulate  the  flow  of  rivers  of  unstable  bottom, 
not  only  greater  chances  of  success  and  a  greater  possibility  of  efiecting  a 
more  complete  improvement,  but  also  an  economical  advantage.  After 
the  great  experiment  that  we  have  given  some  account  of  we  are  firmly 
convinced  that  works  of  this  nature,  whether  it  is  a  question  of  facili- 
tating navigation  or  of  simply  fixing  the  banks  for  the  protection  of 
property,  only  require  a  little  observation  and  intelligence  and  much 
patience,  and  should  entail  only  a  moderate  expenditure. 
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INTRODUCTION. 

On  every  river  we  distinguish  between  a  summer  and  winter  bed. 

The  summer  bed  comprises  that  part  of  the  bed  of  the  river  which 
as  a  rule  during  the  summer  months  is  covered  with  water  and 
consists  of  coarser  and  finer  elements,  which  are  liable  to  displacement 
under  the  influence  of  changing  conditions  of  water. 

The  peculiar  characteristics  of  the  winter  bed  are  that  it  is  a 
suj£cient  height  above  the  summer  bed  and  remains  sometimes  during 
several  consecutive  months  free  from  water.  It  can  therefore  produce 
vegetation  and  obtain  more  firmness  of  surface,  so  that  when  the  water 
does  stream  over  it,  it  is  only  by  exception  that  holes  are  formed  in  it 
or  that  any  solid  part  of  it  is  carried  away. 

The  slopes  which  join  the  summer  bed  and  the  winter  bed  are,  even 
on  the  same  river,  sometimes  steep,  sometimes  of  slight  incline, 
but  nearly  always  plainly  perceptible.  It  is  in  vain,  when  looking  at  a 
river,  to   seek  for  any   other  plainly  visible    distinctions  between  low 
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and    high    water    than     that  above-named    between   summer  bed  and 
winter  bed. 

As  long  as  the  river  remains  in  its  natural  state,  the  summer  bed  is 
liable  to  continual  alterations  of  its  course,  and  the  winter  bed  to 
decrease  on  the  one  baud  and  to  increase  on  the  other,  for  the  stream 
works  upon  the  slopes  of  the  winter  bed  at  many  points.  The  loosened 
elements  are  carried  over  some  distance  and  then  form  an  increase  of  the 
winter  bed  at  a  place,  where  the  working  of  the  stream  is  less  powerful. 


31,006  with  9,155,496  tons  (cubic  metres)  in  1892.  The  quantity  of  goods 
imported  and  exported  by  way  of  Lobith  was  in  1892  a  total  of  6,312,870 
tons,  out  of  which  to  or  from  Rotterdam  2,661,496  to  or  from  Nijmegen, 
Tiel,  Gorinchem  and  Dordrecht,  together  263,554  and  to  or  from  Belgian 
harbours   1,447,016   were  carried  on  the  Waal. 

All  goods  sent  from  or  to  Amsterdam,  and  other  Dutch  harbours  go 
by  way  of  the  Lower  Rhine  and  the  Lek. 

The  dimensions  of  the  large  ships  that  navigate  the  Rhine  at  the  pre- 
sent time  are 

Length 81     m. 

Width 10.5    « 

Depth 3.0    1 

Borden  1600  tons  (cubic  metres.) 

At  KJrimpen  on  the  Yssel  a  short  time  ago  there  was  built  for  a 
German  firm  a  tug  with  a  length  of  88  m.,  width  10.5  m.,  depth  2.6  m. 
and  a  carrying  power  of  1800  tons. 

Water  level  and  disoharge. 

The  following  table  shows  the  high  and  low  water-levels  and  other 
particulars  concerning  the  character  of  the  Waal. 
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kkit  R.A.P. 


Abon  I.A.P. 


Abore  ILP. 


Highest  known  water-leyel  with 
open  riyer  in  this  century 
4th  to  etb  January  1888 .    . 

Ayerage  summer  leyel  (Ist  May 
to  l8t  Noyember  1871  to  1880 

Ayerage  low  leyel  correspond- 
ing to  1.50  m.  aboye  zero 
at  Cologne  (Protocol  of  the 
Central  Commission  of  the 
nayigation  on  the  Rhine,  l^t 
October  1886) 

Lowest  leyel  in  September  1893 

Lowest  known  water  leyel  with 
open  riyer 


DistanQC  from  the  frontier.  . 
Fall    per     km.     at     ayerage 

summer  leyel 

Fall   per  km.  at  the  low  leyel 

of  September  189S  .... 


16.88 


11.13 


15.19 


10.35 


13.42 


8.77 


9.60 
9.12 

8.77 

15Noy. 
1874. 

4.2  km. 


9.13 
8.61 

8.21 

15Noy. 

1874. 

11.9  km. 


7.52 
7.06 

6.64 

15  and  16 
Noy.1874 

26  km. 


Abon  I.A.P. 


Abort  I.A.P. 


9.63 


5.57 


8.08 


4.40 


4.32 
3.67 

3.54 

26  and  29 
Oct.  1814 

56.6  km. 


3.00 
2.39 

2.39 

27  Sept. 
1893. 

67.8  km. 


Abon  I.A.P.  t) 


7.09 


3.39 


2.08 
1.55 

1.23 

30  Oct 
1832. 

76.7  km. 


01013      0.1128      0.1075      0.1045      0.1135 


0.0662      0.1107      0.1104      0.1143      0.0943 


*)  At  St.  Andries  obseryations  were  first  begun  in  1854. 
t)  N.A.P.  =  Kew  Standard  of  Amsterdam. 


The  division  of  the  water  at  the  point  where  the  Upper  Rhine  divides 
into  two  branches,  the  Waal  and  Pannerden  canal,  is  so  arranged  that 
of  the  entire  quantity  of  water  two  thirds  is  received  by  the  first  named 
and  the  rest  by  the  latter.  At  all  events  this  is  what  was  declared  as 
desirable  by  the  States  of  Gelderland,  Holland,  Utrecht  and  Overijssel  in 
1745 ;  and  it  is  still  always  endeavoured  to  maintain  it  so. 

In  reality,  the  quantity  of  water  from  the  Upper  Rhine  received  by 
the  Waal  is  rather  more  than  two-thirds,  especially  at  times  of  low 
water. 

According  to  observations  which  have  been  made  nearly  every  year, 
the  distribution  of  the  water  has  not  undergone  any  important  change 
the  last  sixty  years. 

The  quantity  received  by  the  Waal  at  high  water-levels  is  about  6,200 
cubic  metres,  at  the  average  summer  level  (1871 — 80)  about  1,400  cubic 
metres,  and  at  the  lowest  water  level  (with  open  river)  about  500  cubic 
metres  per  second. 

Regulation  of  the  summer  bed. 

In  1850  a  beginning  was  made  to  improve  rivers  in  the  Netherlands. 
Until  that  year  only  insolated  works  had  been  effected  and  mostly  in 
the  interest  of  the  owners  of  the  banks. 

The  improvements  effected  in  the  period  from  1850  to  1874  consisted 
in  connecting  central  points  with  one  of  the  banks,  limiting  superfluous 
width,  and  removing  projecting  banks  or  other  obstructions  from  the 
normal  river-bed.  The  width  temporarily  accepted  in  1866,  regulated  for 
the  summer  bed,  was  360  m.  from  Pannerden  to  Zaltbommel,  increasing 
to  400  m.  from  the  latter  place  to  Loevestein. 

After  1874,  the  work  of  bringing  the  regulated  summer  bed  to  the 
required  width  by  means  of  groins  or  by  dams  of  which  the  tope 
emerged  above  the  average  summer  level  was  continued. 

In  1888  this  work  was  completed. 

Thus  a  great  improvement  was  both  obtained  in  the  interests  of  the 
river  and  of  the  navigation. 

For  navigation,  however,  the  improvement  was  not  complete,  as  in  some 
points,  for  instance  in  the  straight  sections  and  where  the  current  is 
passing  from  one  side  of  the  river  to  the  other,  there  was  not  found  suf- 
ficient depth  at  times  of  low  water. 

Though  at  the  time  of  the  original  regulation  the  dicharge  of  water 
and  ice  was  the  primary  object,  more  attention  was  paid  later  to  the 
interests  of  navigation. 

The  requirements  of  navigation  were  therefore  now  submitted  to  a 
fresh  examination  with  the  result  that  it  was  decided  that  a  continuous 
depth  for   navigation   of  3  m.  at  average  low  water  level,  corresponding 


to  about  1.25  m.  below  the  average  summer  level,  and  given  in  the  fore- 
going table,  over  a  suitable  width  of  the  river-bed,  was  essential  for 
shipping  of  large  tonnage  on  the  Rhine. 

In  curved  sections  the  depth  of  the  navigable  channel  or  thalweg 
along  the  concave  banks  was  very  satisfactory  and  considerably  above 
the  average ;  in  the  straight  or  nearly  straight  sections,  as  well  as  at  the 
turning  points,  the  depth  presented  was  the  average  of  the  depth  over 
about  the  entire  width  of  the  profile,  and  this  was  insufficient.  The 
deduction,  was  made  that  in  the  last  named  sections  the  requisite  depth 
could  not  be  obtained  so  long  as  the  regulation  width  accepted  in  1866 
was  adhered  to,  but  that  a  contraction  would  be  necessary  in  the 
sections. 

The  equation 

A 


h  = 


cl/    d^a 


in  which  A  represents  the  discharge  per  second  in  cubic  metres,  h  the 
regulation  width,  c  a  constant  =  50,  d  the  average  depth  and  a  the 
incline,  shows  that  by  substituting  different  values  for  ^,  d  and  a,  the 
regulation  width  in  the  straight  sections  should  be  310  m.  for  a  discharge 
of  870  cubic  metres  per  second  at  the  low  water-level  referred  to,  and 
would  differ  only  a  few  metres  refrom  this  amount  for  a  discharge  of 
1,400  cubic  metres  at  the  1.25  m.  higher  average  summer  level. 

The  contraction  here  referred  to,  while  still  preserving  as  much  as  pos- 
sible the  existing  width  in  the  curves,  has  been  effected  on  the  Waal  by 
lengthening   the   existing   groins   (see    note    respecting    question  N<>.  6). 

To  the  increased  length  of  these  groins  a  height  has  been  given 
corresponding  to  the  average  water-level,  while  the  tops  of  the  existing 
works  were  more  or  less  high. 

Use  of  low  damo. 

The  confining  of  the  river-bed  between  two  parallel  dams,  with 
their  summits  below  the  lowest  water-level^  could  not  in  the  case  referred  to 
have  led  to  the  desired  result,  unless  the  distance  of  these  dams  from 
one  another  was  accepted  at  considerably  less  than  310  m. 

In  determining  the  distance  from  one  another  at  which  these  dams 
should  be  laid  in  order  that  the  required  depth,  as  mentioned  above, 
may  be  obtained,  we  have  in  the  above  equation  to  take  for  -4,  the 
discharge  at  the  lowest  water-level  (with  open  river),  estimated  at 
500  cubic  metres,  and  for  the  average  depth  2.25  m.  because  this  lowest 
water-level  is  about  0.75  m.  lower  than  the  average  low- water  level  above 
referred  to,  corresponding  to  about  1.25  m.  below  the  average  summer 
level  (see  table  supra). 
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r^ulation  line.   The   average  distance   between   these  groins   is  200  m. 

The  execution  of  this  contraction  by  50  m.  only  necessitated  therefore 
over  200  m.  of  the  river  in  length  the  laying  of  50  m.  of  groins ;  while 
for  the  application  of  the  parallel  dam  system,  for  200  m.  length  of 
river  a  dam  of  at  least  200  m.  would  have  been  required,  not  including 
the  necessary  connections  with  the  existing  groins. 

Against  the  disadvantage  here  recounted,  the  advantage  of  a  more 
perfect  direction  of  current  through  the  parallel  dams  is  not  of 
sufficient  weight. 

Besides  this,  on  account  of  the  great  mobility  of  the  bottom,  which 
consists  chiefly  of  sand  mixed  with  a  very  little  coarse  gravel,  there 
would  be  a  danger  at  times  of  high  water  of  choking  up  the  smaller 
channel  between  the  two  dams,  especially  at  points  where  the  direction 
of  the  full  stream  in  the  river-bed  does  not  coincide  with  that  of  the 
low  summer  bed. 

Coneluslon. 

It  appears  from  the  above  tJiat  we  may  base  the  conclusion  that  a 
regulation  with  submerged  parallel  dams  for  low  water-levels  is  not  to  be 
recommended,  at  all  events  not  on  the  Waah 

THE    MAA8. 
Incline. 

In  southern  Limburg,  where  the  Maas  on  the  greatest  part  of  its 
length  forms  the  division  between  the  Netherlands  and  Belgium,  the 
incline  is  about  0.40  m.  per  km.;  this  section  is  about  60  km.  long. 
The  current  is  here  very  powerful  and  the  bed  consists  exclusively  of 
gravel,  of  which  the  largest  pieces  have  a  measurement  of  0.15  m. 

Then  follows  another  section  of  about  40  km.  in  length,  on  which 
the  incline  regularly  decreases. 

In  northern  Limburg  between  Venloo  and  Mook  over  a  distance  of 
about  60  km.,  the  incline  is  only  0.06  per  km. 

The  bed  here  consists  of  fine  gravel  and  sand. 

The  condition  of  the  river  in  southern  and  northern  Limburg  is  thus 
very  different. 

In  the  following  pages  we  shall,  where  necessary,  expressly  state 
which  part  of  the  river  is  referred  to,  while  the  middle  section  is  left  out 
of  our  review. 

Widths. 

The  widths  of  the  summer  bed  of  the  river  in  its  naturel  state  vary  in 
southern  Limburg  from  60  m.  to  130  m.,  and  in  northern  Limburg  from 
90  m.  to  180  m.,  that  is  when  sand-banks  and   vegetation   showing  just 
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above    the    average    summer    level     is   regarded    as   belonging    to  the 
winter  bed. 

Winter  bed. 

Over  by  far  the  greatest  part  of  the  length  of  the  river  the  winter  bed 
rises  from  3  m.  to  5  m.  above  the  average  summer  level  and  is  connected 
with  a  slope  of  about  3  in  1  with  the  border  of  the  summer  bed  or 
with  recent  deposits. 

Discharge. 

The  discharge  of  the  Maas  in  southern  Limburg  is  about  125  cubic  metres 
per  second  at  the  average  summer  level  and  about  320  cubic  metres  per 
second  at  the  average  winter  level. 

It  occurs  almost  every  winter  during  one  or  more  days  that  the  state 
of  the  water  is  such  that  the  discharge  is  more  than  1000  cubic  metres ; 
and  the  largest  known  discharge  may  be  placed  at  at  least  2200  cubic 
metres  per  second.  During  long  or  short  periods  in  the  summer  the 
discharge  is  reduced  to  50  cubic  metres  per  second,  and  less. 

The  smallest  discharge  may  be  reckoned  at  about  25  cubic  metres  per 
second,  of  which  about  6  cubic  metres  per  second  are  drawn  off  at  Maas- 
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tricht.   For   northern   Limburg  these   quantities   are   increased   by  10  ®/q 
to  15  o/o. 

Water  ievele. 

In  southern  Limburg  the  average  winter  level  is  nearly  1  m.,  and  in 
northern  Limburg  from  1.50  m.  to  2  m.  above  the  average  summer  level. 

In  southern  Limburg  the  lowest  river  levels  sink  to  about  80  centi- 
metres and  in  northern  Limburg  to  about  1.20  m.  below  the  average 
summer  level. 

The  highst  levels  rise  5  m.  to  5.50  m.  above  the  lowest  levels;  while 
in  northern  Limburg  the  difference  is  8  m.  or  at  most  10  m. 

Deptli  of  Cliannel. 

The  Maas  in  southern  Limburg  is  in  its  present  condition  as  a  rule 
navigable  for  vessels  of  0.80  m.  or  more  draught  in  the  spring  and  in 
the  autumn. 

In  the  summer  the  navigable  depth  generally  decreases  to  less  than 
0.50  m.  In  the  exceptionally  dry  summer  of  1893  there  was  only  a 
depth  of  0.25  m.  In  northern  Limburg  the  navigable  depth  is  generally 
1.20  m.,  or  more,  and  seldom  less  than  1  m.  In  the  summer  of  1893  it 
decreased,  however,  to  0.60  m. 

Regulation  of  tlie  summer  bed. 

Since  1850  regulation  works  have  been  executed  on  those  sections  of 
the   river    which   were   most  in    need   of  them.   In  1866  the   regulation 
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width  of  the  summer  bed  in  southern  Limburg  was  fixed  at  100  m.  and 
in  northern  Limburg  at  120  m.  This  regulation  is,  however,  far  from 
being  completed.  In  the  beginning  the  tops  of  the  parallel  dams  and 
the  groins  were  made  very  little  higher  than  the  summer  level,  but 
were  later  on  raised,  so  that  they  now  reach  nearly  to  the  average  winter 
level;  and  consequently  their  favourable  effect  has  been  improved. 

The  incline,  however,  still  shows  many  irregularities.  This  must  be 
principally  ascribed  to  the  fact  that  up  to  the  present  almost  nothing 
has  been  done  towards  the  regulation  of  maximum  discharches,  so 
that  the  velocity  varies  exceedingly  in  the  various  sections  and  is  the 
cause  of  the  continuation  of  the  irregular  displacement  of  gravel 
and  sand. 

Use  of  low  dams. 

Whatever  expectations  we  may  have  with  regard  to  the  usefulness  of 
a  regulation  system  for  rivers  at  low  levels,  there  can  be  no  question 
of  the  execution  of  works  for  this  object  before  the  regulation  of  the 
summer  bed,  and  of  the  profile  at  higher  water-levels  is  further  advanced 
than  it  is  at  present. 

This,  however,  need  not  prevent  us  from  entering  upon  a  consideration 
of  the  works  which  might  have  to  come  under  notice  in  the  execution, 
and  of  the  results  which  might  have  been  expected  to  occur. 

In  the  curved  river  sections  there  is  now  already  hollowed  out  a 
deeper  channel  along  the  concave  banks  on  the  summer  bed. 

By  means  of  low  dams  it  will  be  possible  to  enclose  these  channels 
within  steeper  walls,  still  these  are  not  necessary  for  the  preservation  of 
the  channel  and  their  influence  on  the  condition  of  the  river  will  be  of 
small  importance.  It  is  more  particularly  the  question,  whether  by  placing 
low  dams  at  certain  distances  from  each  other  in  the  straight  sections 
and  in  the  turning  points  of  the  river,  where  as  a  rule  the  summer 
bed  is  of  nearly  enough  the  same  depth  over  all  its  width  and  therefore 
a  deeper  channel  is  necessary,  a  channel  can  be  obtained  and  main- 
tained, which  would  connect  itself  in  a  suitable  manner  with  the 
channels  already   existing   above  and  below  the  curved  sections. 

Let  us  first  examine  what  the  condition  is  of  the  normal  summer 
bed  without  the  deeper  channel  and  what  measurements  could  be  given 
to  the  channels  in  question. 

On  the  Maas  in  southern  Limburg  the  width  is  6  =  100  m.,  and  the 
incline  a  =  0.0004.  If  now  C  =  50  be  taken  for  the  value  of  the 
constant,  the  discharge  at  average  summer  level  will  he  A  =  125  cubic 
metres  per  second,  the  depth 
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and  the  velocity 


V  =  e  i/"a~i  =  50  1/  1.16  X  0.0004  =  1.08  m. 
If  the  diflchflige  A  be  reduced  to  50  cnbic  metres,   the  depth   becomes 
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50« 


and  tiie  velocity 


50*  X  100*  X  0.0004 


=  0.63  m. 


t>  =  50  v/  0.63  X  0.0004  =  0.795  m. 


■Discharge- 
•Dlflcbarge- 


t 


■125  eabu  metres 


v; 'Wcnbu  m. 

t 


100  metres 


n  it  is  required  that  the  depth  (2|  be  =  1  m.  in  a  chamiel  enclosed 
by  low  dams,  with  an  discharge  ^4  =  50  cubic  metres  per  second,  the  breadth 
of  the  channel  now  becomes 

^  =  ci/    d*   a    ^    50  1/  18  X  0.0004  =  ^  °'- 
and  [the  velocity 

^1  =  c  i/'drV^'  50  1/  1  X  0.0004  =  1  m. 

If  now  the  discharge  A  sgein  increases  to  125  m.  per  second,  the  water 
level  will  rise  about  0.60  m.  so  that  dy  =  1.60  m.,  and  there  will  be 
carried  off  by  the  deeper  channel 


A,  =  c  \/  fci*  di«  a  =  50  1/  50«  X  1^  X  0.0004    =    101.2    cub.  m. 

with  a  velocity 

r,  =  50  1/  "1.60  X  0.0004  =  1.265  m. 

while  on  the  remaining   width  of  the  summer  bed    6   —   i^    =    fcj    = 
60  HL,  where  the  depth  is  ^2  =  0.60  m.  will  be  carried  off 

A^  =  c  i/"6?'^8^a  =  50  x/  ~§(fi  X  0.60»  X  0.0004    =   23.8  cub.  m. 

with  a  velocity  of 


t7j  =  50  1/  0.60  X  0.0004  =   0.775  m. 


t 

i. 


Discbarge- 


125    cub.  metres 


26  m. 


Discbarge- 
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s 

1-1 
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•50  metres- 
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For  the  Maas  in  northern  Limburg  we  obtain  the  following  results. 
On  the  normal  summer  bed  with  a   width   of  6    =    1.20   m.  and  an 
incline   a    =  0.00006  the   depth   for   the   average   summer  level,   with  a 

discharge  A  =  140  cubic  metres  per  second  will  be 


d  = 


and  the  velocity 


s 3 


1408 


cH« 


a 


50«X  120^X0.00006 


=  2.085  m. 


V  =  c  '\/  d  a    =50^/  2.086  X  0.00006  =  0.56  m. 
If  the  discharge  A  be  diminished  to  58   cub.metres   the   depth   becomes 


d  = 


3 


58« 


502  >.  1202  X  0.00006 


=  1.16  m. 


and  the  velocity 


T?  =  50  v"  ^-16  X  0.00006  =  0.42  m. 


.Discharge- 


140  cubic  metre»- 


-  Discharge- 


58  cubic  metres 


C9 


i + 


•120  metres - 


If  it  be  now  required  that  the  depth  dj  be  =  2  m.  in  a  channel 
confined  by  low  dams  with  a  discharge  ^  =  68  cubic  metres  per  second, 
the  breadth  of  the  channel  becomes 


ft,  = 


58 


c  \/  cP  «  50  v/28  X  0.00006 


=  68  m. 


and  the  velocity 


t7i  =  ci/dia  =  50i/2X  0.00006  =  0.66  m. 

If  now  the  discharges!  increases  to  140  cubic  metres  the  water  level  will 
rise  about  1.08  m.,  so  that  d  =  3.08  m.,  and  there  will  be  carried  off  by 
the  deeper  channel  ' 


^1  =  ci/  fti^d^sa  =  50 1/  632  X  3.083  >^  0.00006  =  111  cubic  metres, 
with  a  velocity 


t?i  =  50  1/  3.08  X  0.00006  =  0.68  m. 

while  on  the  remaining  width  of  the  summer  bed  ft  —  ftj  =  ftj  =  67  m. 
where  the  depth  is  d?   =  1.08  m.,  will  be  carried  off: 


Ai  =  c  i/  b^^d^^a  =  50  v'  6^2  X  1.088  s^  0^00006  =  29  cubic  metres. 
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limited  to  a  very  small  amount,  does  it  become  possible  to  maintain 
any  given  channel  in  the  summer  bed.  It  is,  however,  scarcely  neces- 
sary to  remark  that  for  the  attainment  of  this  result  such  extensive  and 
costly  bottom-dressing  would  be  required,  that  there  could  seldom  or 
never  be  question  of  such  work,  and  it  may  thus  be  left  out  of  consi- 
deration. 

CONCLUSION. 

From  the  above  it  appears  that  the  building  of  low  parallel  dams  must  he 
considered  as  premature,  until  by  regulation  of  the  summer  bed  and  of  the 
profile  for  higher  levels  a  continuous  channel  has  been  formed;  whiUy  even 
after  such  a  channel  has  been  formed,  it  remains  quite  uncertain  what 
wotdd  be  the  increase  of  depth  which  might  then  be  obtained  by  laying  low 
dams.  If  we  consider  in  addition  the  expense  both  of  construction  and 
maintainance  of  low  da/ms  and  the  danger  they  cause  to  navigation,  which 
difficulties  we  have  more  fully  dwelt  upon  above  whUe  treating  of  the  Waai, 
it  must  be  concluded  that  neither  on  the  Mans  can  the  building  of  low  dams 
be  regarded  as  an  efficacious  means  of  improving  the  depth  necessary  for 
navigation  at  low  water. 

As  a  means  of  obtaining  the  greatest  possible  depth  for  navigation  with 
a  minimum  discharge,  tlie  canalisation  of  the  river  is  much  to  be  preferred 
for  it  attains  its  object  with  more  certainty  and  in  the  end  perhaps  is  not 
more  expensive. 

The  forming  of  a  lateral  canal  fed  by  the  river  is  also  a  subject  worthy  of 
consideration. 

(Translated  by  G.  J.  Rowland.) 
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CHAPTER    I. 

General  description  of  the  riyer. 

Contents:    §1.  Importance  of  the  Dnieper.  —  §  2.  Hydrography.  —  §  3.  Commerce. 

§  I.    Importance  of  the  Dnieper. 

No  river  which  traverses  the  vast  plains  of  Russia  is  more  intimatety 
connected  with  the  history  of  the  country  than  the  Dnieper. 

Like  the  Rhine  in  Germanic  traditions,  the  Dnieper  plays  a  prominent 
part  in  many  of  the  exploits  of  ancient  Russian  heroes  and  in  the  oldest 
legends. 

The  waves  of  this  beautiful  rivtr  have  heard  the  early  songs  that  wept 
for  the  sorrows  of  Igor  and  his  brave  companions.  They  have  seen  the 
golden  headed  naiads  enticing  by  their  magic  voices  the  belated  traveller 
to  the  depths  of  the  abyss,  while  the  coil  spirits  on  the  other  hand 
beckon  him  from  the  dark  recesses  of  a  neighbouring  forest. 

Later,  following  the  majestic  course  of  the  same  river,  Oleg  leaves  Kiev, 
reaches  the  Black  sea  and  appears  before  the  walls  of  Constantinople.  The 
valorous  conqueror  nails  his  shield  to  the  doors  of  the  imperial  palace 
and  after  concluding  a  glorious  peace  with  the  Byzantine  Emperor,  he 
returns  to  Kiev,  on  the  banks  of  the  Dnieper,  and  makes  the  city  his 
capital. 

During  the  same  epoc  Constantine  Porphyrogenetus,  in  his  administrative 
treatise,  gives  a  very  clear  description  of  the  Lower  Dnieper  and  the 
navigation  which  plied  upon  it. 

It  was  also  about  this  time  that  a  great  princess  erected  the  first 
Christian  cross. 

Centuries  then  succeeded,  centuries  of  desolation,  of  misery  and  suffering. 
Barbarous  flags  float  victorious  on  the  holy  waters  which  formerly  bore 
the  ships  of  Igor,  Oleg  and  Sviatoslao. 

The  Dnieper  seemed  lost  to  Russia. 

But  the  eflbrts  of  a  great  Emperor,  succeeded  by  an  Empress  worthy 
of  him,  created  a  fleet  of  war-ships  which  not  only  restored  to  Russia 
what  she  had  lost,  but  opened  up  new  countries  for  her. 

Thus  the  Dnieper  became  for  ever  a  river  flowing  through  the  interior 
of  Russia. 


The  commercial  relations  which  existed  through  the  Dnieper  as  far  back 
as  the  tenth  century  between  Kiev  and  Bygantium  were  revived  with 
renewed  vigour  and  under  a  different  system. 

But  the  same  obstacle,  the  rapids  which  interfered  with  the  first  boats 
to  descend  the  Dnieper  still  barred  the  route. 

Among  the  first  reforms  undertaken  during  the  reign  of  Catherine  11 
in  this  part  of  Russia,  the  works  for  the  regulation  of  the  rapids  on  the 
Dnieper  occupy  an  important  place. 

Neither  these  works  nor  those  which  succeeded  them  obtained  the 
desired  results,  and  for  more  than  a  century  the  original  problem,  viz. 
the  regulation  of  the  section  between  the  towns  of  Ekaterinoslav  and 
Alexandrovsk  in  order  that  it  might  be  accessible  to  navigation  against 
the  current,  has  not  yet  been  solved. 

The  importance  however  of  obtaining  this  solution  has  only  continued 
to  increase. 

The  basin  of  the  Dnieper  is  527.000  square  kilometres  in  extent  and 
with  its  tributaries  embraces  14  governments  (fig.  1).  The  total  length  of 
the  waterways  of  the  system  of  the  Dnieper  utilisable  for  floats  and  navi- 
gation is  about  13,466  versts  (1)  (14,365.3  Km.),  of  which  9,061  versts 
(9,666.1  Km.)  are  navigable. 

This  immense  system  is  barred  by  the  rapids  a  few  hundred  kilometres 
from  the  Black  Sea,  where  the  Dnieper  having  received  all  its  most  impor- 
tant tributaries  reaches  its  maximum. 

Moreover  the  construction  of  a  great  number  of  railways  through  the 
basin  of  the  Dnieper,  the  development  of  agriculture  and  industry  in  the 
south  of  Russia,  the  discovery  of  remarkable  beds  of  iron-ore  and  coal 
in  the  neighbourhood  of  Ekaterinoslav,  etc.  render  the  establishment  of 
an  uninterrupted  navigable  way  to  the  two  seas,  the  Baltic  and  the  Black 
Sea,  a  matter  of  the  highest  importance. 

On  account  of  these  and  other  reasons  His  Excellency  the  Minister  of 
Ways  and   communications,   M.    A.   C.   KRivoHCHfeiVE,   has   taken   steps 


(1)  1  verst  =  1.06678  kilometre  =  0.66288  English  mile. 
1  verst  iz:  500  sag^nes. 
1  square  verst  n:  1.138  square  kilometre. 
1    sag^ne   =   7    Eiiglisch   feet   zz   84   inches   zz   12   quarters   of  an  archine  :zi 

48  verchoks  =z  2.13356  metres. 
1  cubic  sag^ne  zz  9.2121  cubic  metres. 
1  pud  zz  16.38  Kilogrammes. 
1  ton  of  1000  Kilogrammes  =  61.048  puds. 


Fig.  I.  —  Map  of  the  Dnieper  and  its  tributariee. 


y»B»  The  section  between  Ekaterinosiav  afid  Alexan^ 
drovsk,  where  the  rapids  present  themselves  and  navigation 
is  only  possible  doivn  stream,  is  marked  by  a  single  litie. 
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for    the    resumption    of  the  study  of  the  methods   for  regulating  the 
cataracts  of  the  Dnieper. 

Honored  with  the  direction  of  these  studies,  I  have  thought  that  a 
brief  account  of  the  question  presented  to  me  would  perhaps  not  be  with- 
out interest  to  the  members  of  the  Sixth  Inland  Navigation  Congress, 
and  I  have  hoped  also  that  after  reading  this  account  they  will  kindly 
throw  such  light  upon  the  situation  as  they  can,  as  has  been  done  in 
former  Congresses  with  respect  to  other  questions  concerning  Russia. 

§  2.    Hydrography  of  the  Dnieper. 

The  depth  of  the  Dnieper  varies  greatly  throughout  its  course  and  it  is 
impossible  to  give  an  average  for  each  section.  Numerous  shoals,  ridges 
of  sand  and  rock,  etc.  cause  shallow  and  dup  places  to  appear  in  close 
proximity.  Thus  between  Kiev  and  Ekaterinoslav  the  depth  in  times  of 
low  water  falls  in  same  places  to  74  cm.,  while  in  the  same  section  it 
reaches  in  other  places  depth  of  20  m. 

The  velocity  of  the  current,  although  variable,  is  not  a  serious  hin- 
drance to  navigation,  except  in  the  section  which  includes  the  rapids, 
where  it  is  so  great  that  it  is  next  to  impossible  for  vessels  to  make  way 
against  the  current. 

Floods  occur  once  a  year,  in  the  spring,  and  last  a  comparativel3>^  short 
time.  They  increase  the  discharge  to  an  enormous  degree,  which  varies 
for  the  section  including  the  rapids  from  300  cub.  m.  (at  low  water)  to 
17,000  cub.  m.  during  a  high  flood  (fig.  2). 


■NOTA.   LE   ZERO  DE  LECHELLE  DEKATERJNOSLAV  EST 

XGi397  SACENES  AU  DESSOUS  DE  LAXEDES  DEbItS. 


Fig.  2.   - 


Diagram  showing  the  variatiouns  In  the  discharge  of  the 
Dnieper  near  Eliaterinosiav  In  1882—83. 


,  The  periods  during  which  navigation  is  possible  vary  for  different 
parts  of  the  watercourse.  Near  Smolensk  it  is  hardly  200  days ;  at  Kherson 
there  is  an  average  of  277  days  (figs.  3,  4). 
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The  Dnieper  is  connected  by  means  of  three  systems  of  canals  and 
canalised  rivers  with  the  basins  of  the  Western  Duna,  the  Niemen  and 
the  Vistula,  but  these  waterways  are  now  only  used  for  the  transport  of 
timber,  for  the  most  part  in  floats. 

The  enormous  system  of  navigable  ways  included  in  the  basin  of  the 
Dnieper  is  blocked  at  a  few  hundred  kilometres  from  the  Black  Sea  by 
a  large  number  of  rapids  which  form  a  section  66.7  Km.  in  length  and 
present  an  insurmountable  barrier  to  vessels  ascending  stream  and 
render  navigation  extremely  dangerous  with  the  current. 

§  3.  Coininsroe. 

In  spite  of  the  very  favourable  situation  of  the  Dnieper  basin  and  the 
waterways  which  pass  through  it,  commerce  although  considerable  falls 
far  short  of  the  development  which  it  whould  assume  if  the  different 
hindrances  which  limit  its  extension  were  removed. 

The  rapids  divide  the  Dnieper  system  into  two  distinct  sections.  The 
upper  of  these  comprises  more  than  9000  kilometres  of  navigable  ways 
and  is  almost  isolated,  for  the  artificial  waterways  which  connect  it  with 
the  Baltic  hardly  admit  of  the  transport  of  timber  in  floats  and  the 
rapids  can  only  be  passed  by  vessels  going  down  stream.  Moreover  it  is 
only  possible  to  short  the  rapids  during  a  short  period  every  year  and  the 
operation  is  attended  with  much  loss  on  account  of  stoppages,  damages 
sustained,  the  absence  of  insurance,  heavy  pilot  expenses,  etc. 

Floats'  of  wood  to  the  number  of  500  to  600,  a  few  hundred  boats  of 
inferior  build  (fig.  6—20)  go  down  the  rapids  every  year,  carrying  in  all 
some  100,000  tons. 

Consequently  there  is  no  commercial  movement  in  the  opposite  direction. 
Therefore  the  Lower  Dnieper  between  Alexandrovsk  and  the  mouth,  a 
distance  of  347  Km.,  or  about  '/25  of  the  upper  section,  surpasses  it  com- 
pletely in  commercial  activity.  Such  is  the  result  of  direct  communication 
with  the  sea. 

This  state  of  things  has  the  most  unfortunate  influence  upon  boat 
building  on  the  Dnieper,  since  boats  having  once  descended  the  rapids 
from  the  upper  to  the  lower  section  are  unable  to  return  to  their 
original  ports. 
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Fig.  21.  —  Diagram  of  the  movement  of  boats  and  timber  floats 
over  the  rapids  of  the  Dnieper  between  1852  and  1879. 


CHAPTER  11. 

Brief  description  of  the  principal  rapids  between 
Ekaterinoslay  and  AlexandroYsk. 


Contents:  §  4.  Names  of  the  pFinoipal  rapids.  —  §  5.  Channels  in  the  diluvial 
section  of  the  Dnieper.  —  §  6.  Charaoteristics  of  the  rapids:  length,  fall,  incline,  etc. 
—  §  7.  The  Old  Kodak.  —  §  8.  The  Sowra.  —  §  9.  The  Cuvette.  —  §  10.  The 
R^sonnante.  —  §  11.  The  Insatiable.  —  §  12.  The  Volnigi.  —  §  13.  The  Boudiloo.  — 
§  14.  The  Superfine.  —  §  15.  The  Libre.  —  §  16.  Pilots  on  the  Dnieper. 


§  4.    Names  of  the  raplde. 

The  principal  rapids  of  the  Dnieper,  which  may  be  divided  into  nine 
groups,  extend  over  a  distance  of  62  J^  versts  (67,7  Km.)  in  the  govern- 
ment of  Ekaterinoslav  (figs.  22,  23,  24,  25).  Their  total  fall  amounts  to 
16,723  sag^nes  (33,49  m.).  They  come  in  the  following  order: 

The  Staro-KodaksH  rapid  (OldKodak). 
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Sourski 
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(Soura). 

Lokhanski 
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(Cuvette). 

ZwolneUhi 

j> 
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(Insatiable). 

Vdlnigski 
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(Volnigi). 
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(Boudiloo). 
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(Superfine). 
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Flga.  22  and  23.  ~  Map  of  the  diluvial  Motion  of  the  Dnle|W  betweea    EkatoriM 


laxandrovik  drawn   fron  data  furnUhed  by  Uia  Ministry -of  Ways  and  CoBinunloatlons  and  the 
V.  K.  von  TnoKorr.  2 


Fig.  24  and  25.  ^  UifttudlMl  aMM 
H.B.    The  fa)]  lines  indicate  the  bottom  and  the  earbet ' 


of  tha  dllnrfil  MCtlon  of  the  Dnieper. 

low  wAter  level;  high  water  is  indicated  by  te  dotted  line. 
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§  5.    Channels  in  the  diluvial  section  of  the  Dnieper. 

The  diluvial  section  of  the  Dnieper  has  two  channels  known  as  the 
„old''  and  the  „new".  The  „old"  channel,  which  is  also  called  the  Cossak's 
channel,  keeps  near  the  right  bank  for  the  greater  part  of  its  course  and 
passes  by  the  places  least  encumbered  by  rocks.  The  depth  from  2  to 
4  m.  in  the  hollows  falls  at  low  water  to  1  m.  and  even  0.50  m.  in 
the  rapids. 

When  the  water  is  low  (—  0.60  s.  =  —  1.28  m.)  quantities  of  stones 
emerge  and  render  the  movement  even  of  timber  floats  impossible. 

The  „new"  channel  lies  for  the  most  part  near  the  left  bank.  It  passes 
by  the  canals,  which  will  be  referred  to  later  (§  22).  Between  the  rapids 
the  two  channels  frequently  coincide. 

The  depth  of  the  „new"  is  greater  than  that  of  the  „old"  channel.  It 
reaches  0.50  s.  (1.07  m.)  below  low  water  level. 

The  entrance  to  the  canals  is  often  difficult  on  account  of  the  numerous 
rocks  which  have  not  yet  been  removed.  Nevertheless  the  creation  of  this 
artificial  channel  has  lengthened  the  period  during  which  navigation  is 
possible  by  an  -average  of  one  month. 

Timber  floats  are  able  to  make  use  of  the  new  channel  when  insur- 
mountable obstacles  would  be  met  with  in  the  old  channel.  But  when 
the  water  is  very  low  the  new  channel  also  becomes  impracticable. 

The  period  during  which  navigation  is  possible  in  the  rapids  even  for 
timber  floats  going  down  stream,  is  therefore  always  much  shorter  than 
either  above  or  below  the  rapids. 
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§  6.    CharaetMiH 
Table  showing   the   biean   length,   fall  and   incline   of  the  Mmn 
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M 


NAMES  OF  THE  RAPIDS. 


T  E I  OtI 


Length 

inSagines 

(metres). 


Low  water. 


Fall 

in  Barnes 

(metres). 


Avenge 
Indine. 


ConTentioiil 
low  mttc. 


FaU 

InSaginet 

(metres^ 


■I 


8 


9 


Staio-Kodakski 


Sourski 


Lokhaneki 


Zvonetski 


Nenaasytetaki 


Volnigski 


Boudilovski 


Lishni 


VUny 


290 
(619) 

40 
(85) 

70 
(149) 

140 
(299) 


408 
(869) 


392 

(836) 

140 
(298.20) 

60 
(106.5) 

400 
(852) 


0.961 
(2.049) 

0.257 
(0.547) 

0.745 
(1.587) 

0.722 
(1.540) 


2.148 
(4.57) 


1.556 
(3.314) 

0.272 
(0.580) 


0.0033 


0.00643 


0.01064 


0.0051 


0.0053 


0.00397 


0.00194 


0.871 
(1.857) 

0.24 
(0.512) 

0.525 
(1.120) 

0.552 
(1.177) 


2.258 
(4.810) 


1.326 
(2.827) 


Oil 


aoi 


0.(il 


0.272     0.« 
(0.580) 

0.031 
(0.0661) 

0.928    «.^^ 
(1.981) 


Totals    .    . 


1930 


7.003 
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of  the  rapids. 

THE  Dnieper.   (Taken  from   the  studies   of   H.    Soulkovso    1887/88). 


CHANNEL. 


High  water. 


FaU 

in  Sag^nes 

(metres). 


Average 
Incline. 


CANALS. 


Length 

in  Sag^nes 

(metres). 


Low  water. 


FaU 

In  Sagenes 

(metres). 


Average 
incline. 


Conventional  low  water. 


Fall 

in  Sag&nes 

(metres). 


Average 
incline. 


High  water. 


Fall 

in  Sag^nes 

(metres). 


Average 
incline. 


0.451 
(0.962) 


0.125 
(0.267) 

0.272 
(0.580) 


1.828 
(3.983) 


1.216 
(2.589) 


0.00156 


0.00178 


0.002 


0.0448 


0.00310 


208 
(444) 


125 
(267) 

112 
(239) 


200 
(427) 


0.774 
(1.649) 


0.00372 


0.823 
(1.753) 


0.206 
(0.439) 


0.684 
(1.459) 


0.0034 


0.00658 


0.613 
(1.308) 

0.583 
(1.244) 


0.0049 


0.0039 


Upper      Canal. 


0.0010 


0,206 
(0,439) 


0.0010 


Lower      Canal. 


545 
(1163) 

2.329 
(4.961) 

000427 

221 
(472.6) 

1.233 
(2.626) 

0.00056 

107 
(228.1) 

0.310 
(0.660) 

0.00291 

90 
(191.7) 

380 
(811) 

» 

2.439 
C5.203) 

1.003 
(2.140) 

0.31 
(0.661) 

0.035 
(0.070075) 

1.148 
(2.449) 


0.0046 


0.0046 


0.0029 


6.00039 


0.003 


0.264 
(0.563) 


0.00122 


0.213 
(0.454) 

0.356 
(0.759) 


0.00170 


0.206 
(0.439) 


2.009 
(4.286) 

0.893 
(1.903) 


0.0032 


0.0010 


0.0037 


0.00404 


1988 


7.021 


Velocity   of   the   current   in    the   rapidb   of   the  Dkiepek  when 

THE    WATER    18     FAIRLY     LOW.    (TaKBN   PROM   THE  STDDIEB 

OF  General  Polykarpof.  —  1880—82). 


= 

TaE  OLD  CHANNEL  OF 

THE  NEW  CHAXNBI,  OF  (THE    II 

Height 

M 

RAPIDS. 

'IJSte'r'' 

Isvel  W). 
B4gen« 
(melrt-' 

Maxin>...  «r  tr 

X^m.m.  ^ 

Average. 

St..Kodakaki    . 

-o._„ 

1—0.555] 

(1.214) 

(1.005) 

(1.124) 

(3.2m 

(0.292) 

of  the 

1.408 
(3.004) 

0.969 

0.565 

0.742 

Sonnki  .    .    . 

— o.3e 

1-0.768) 

(2.067) 

ottHe 
blih-wUen. 

(1.205) 

(2  583) 

0.916 

0.415 

0.649 

_ 

_ 



\     (1.954) 

(0.885) 

(1.385) 

I    chumel. 

2.431 

0.748 

1.744 

1.416 

0.479 

1.197 

Lokhanski  .    , 

-028 

1-0.5971 

(5.187) 

higbwilsn.. 

(1.596) 

(3.721) 

(3.019) 

(1.012) 

(2.554)  1 

1.394 

0562 

0.985 

(2.974) 

(1.199) 

(2.102) 

Zvonetski    . 

-0.305 

1.452 

0625 

1.085 

1.565 

0.745 

1.162 

;-0.651| 

(3.098) 

(1.334) 

(2.315) 

(3.339) 

Dpp«r 
cuoL 

0.670 

(1.590) 
0,415 

(2.479) 
0.529 

NensMjtetski 

-0.M5 

1.295 

0.734 

1.004 

(1.430) 

(0.885) 

(1.129) 

1—0.950] 

(2.763) 

(1.566) 

(2.142) 

Lower 
1.415 

i     (3.019) 

0.996 
(2.125, 

1.168 

(2.492) 

Volnigski    . 

-0.38 

1.495 

0,584 

0.99 

1.316 

0.241 

0.897 

1—0.811) 

(3.190) 

(1.246) 

(2.112) 

(2.808) 

(0.514) 

(1.914) 

BoudilovBki. 

-0.84 

1.248 

0.475 

0.867 

1.297 

0.341 

0.843 

—.0725) 

(2.663) 

Tlia  meaa 
cauU. 

(1.013) 

(1.850) 

(2.767) 

(0.728) 

(1.799) 

LUhni     .    .    . 

-0.34 

0.845 

0.414 

0614 

0.815 

0.316 

0.573 

:-0.725) 

(1,803) 

(0.883 

(1,310) 

(1.739) 

(0.674) 

(1.223) 

Vilny.    .    . 

-0.34 

;— 0.725) 

1.105 

0.395 

0.81 

1.205 

0.505 

0.826 

(2.358) 

(0.843) 

(1.728) 

(2.571) 

(1.077) 

(1.760) 

Maximum  inclines  at  low  water  level  (0).  (Taken  from 
THK  studies  of   M.  Soulkovbki). 


r. 

NAUE8  OF 
THE  RAPIDS. 

The  old  channel. 

Canals. 

Partial 
Ml. 

Sag. 

Corree- 
ponding 
langth. 

Sag. 

Maximam 
iDcline. 

Partial 
lall. 

Sag. 

Oorres. 
ponding 

Sag. 

Haiimnm 
inolin.. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

V.-KodakBki.    . 
Soureki.    .    .    . 
Lokhanski     .    . 
Zvonetzki .     .    . 
Nenaseyteteki    . 
Volnigski.     .     . 
BoudilovBki  .    . 
Lichny.    .    .    . 
Vilny  .... 

0.426 
0.214 
0.169 
0169 
0.640 
0.519 
0.1S6 

0.443 

65 
30 
16 
9 
41 
69 
33 

70 

0.00665 
0.00713 
0.01126 
0.01S77 
0.01317 
0.00752 
0.00473 

0.00633 

0.306 

0.646 
0.224 
0.466 
0347 
0.136 
0.016 
0.677 

60 

100 
17 
50 
60 
40 
30 

100 

0.00612 

0.00646 
0.01317 
0.0093 
0.00694 
0.0034 
0.00063 
0.00577 

MlNIHUH     DEPTHS    IN     THE     CHANNELS    IN     THE     DILUVIAL    SECTION     AT 
CONVENTIONAL     LOW     WATER    AND     WHEN     THE     WATER   WAS    AT  ITS 

LOWEST  IN  1892.  (Taken  from  the  studies  of  M.  Soulkovski). 


AND 
fJUOALS. 


Above    th«     first 

Kodskaki  npid 
Boatzaf  ^abore.     . 
Nein«tiki  TMch    . 
Sonnki  rapid  .    . 
Bondarev  tabore  . 


0.43 
0.46 
0.49 
0.50 
0.42 
0.43 


New  c 

ANNEL. 

Si 

$ 

Minimnm 

depths  compared  l-i^S 

depths  coni[«red 

with  the  low 
waters  of  1892. 

35- • 

ill 

with  the  low 
waten  of  1892. 

Sf. 

HctHH. 

a.*. 

8a«. 

at- 

Metrae. 

0.47 

1.00 

- 

- 

- 

- 

0.29 

0.62 

0.58 

0.44 

0.14 

0.30 

0.44 

0  34 

- 

- 

- 

- 

0.66 

1.40 

- 

- 

- 

- 

0.56 

1.19 

- 

- 

- 

- 

0.61 

1.30 

- 

- 

- 

- 

NAMES  OF 

THE   RAPIDS, 

ZABOEES 


—      5-    _ 

1.20 

Ssg. 

0.49 

8.K. 

0.71 

1.51 

0.84 

0.48 

0.36 

0.77 

0.61 

0.58 

0.03 

0.06 

- 

- 

- 

_ 

1.12 

0.58 

0.59 

1.36 

1.0 

- 

- 

- 

0.70 

0.50 

0.20 

0.43 

1.08 

0.49 

0.69 

1.26 

1.16 

0.62 

0.63 

1.13 

- 

- 

- 

- 

0.92 

0.63 

,  0.39 

0.83 

0.69 

0.80 

0.19 

0.40 

0.81 

0.48 

033 

0.70 

0.58 

0.41 

017 

0.36 

- 

- 

- 

- 

0.57 

0.38 

0.19 

0.40 

0.76 

0.38 

0.37 

0.79 

- 

- 

- 

_ 

0.65 

0.39 

_ 

- 

0.66 

0.39 

0.27 

0.57 

0.60 

0.40 

0.10 

0.21 

0.64 

0.41 

0.23 

0.49 

0.98 

0.55 

0.35 

0.74 

0.80 

0.55 

0,25 

0.53 

1.15 

0.73 

0.42 

0.89 

1.04 

0.73 

0  31 

0.66 

1.03 

0.69 

0.34 

0.72 

0.62 

0.69 

(-)0.07 

(-)0.15 

0.96 

0.69 

0.26 

0.55 

0.95 

0.69 

0.26 

0.56 

0.50 

0.69 

(-)0.19 

(-)0.40 

0.70 

0.69 

0.01 

0.02 

0.56 

0.69 

(-)0.13 

(-)0.2f 

0.61 

0.69 

{-)0.08 

{-)0.17 

1.00 

0.60 

0.31 

0.66 

•- 

0.69 

0.54 

1.15 

§  7-  The  Old  Kodak  (Staro-Kodaktki). 

At  13.2  verets  (14.2  Km,)  below  the  town  of  EkaterinoBlav  and  6  Km. 
from  the  village  of  the  Pllota  Kamenka,  opposite  the  village  of  Staroi- 
Kodak,  the  flret  rapid,  Staro-Kodakeki,  is  met  with  (figs.  26,  27). 

In  this  region  the  Dnieper  has  in  time  of  low  water  a  width  of  about 
one  kilometre;  with  the  mean  waters  the  width  becomes  1.51  Km.  and 
during  floods  a  little  more.  The  rapid  is  formed  by  several  rows  of  rocks 
which  bar  the  entire  width  of  the  river.  The  banks  reach  a  height  of 
20  m.  and  form  promontories  which  advance  in  some  cases  300  metres 
into  the  stream. 

The  fall  of  this  rapid  varies  between  0.563  and  2.049  m.  according  to 
the  time  of  year  and  the  direction  of  the  channels  (§  6). 
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Fig.  27.  —  Longitudinal  section  of  tlie  two  cliannels  in  tlie  Staro-Kodaic8lci 

rapid  (Old  Kodak). 
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Between  1787  and  1800  some  of  the  largest  stones  were  blown  up  and 
a  canal,  50  sag^nes  in  length,  was  thus  cut  along  the  right  bank.  To  direct 
the  current  into  this  canal  a  groin,  60  sag^nes  long,  was  constructed. 

Between  1845  and  1854  a  new  canal  was  formed  in  this  rapid  near  the 
left  bank  by  means  of  dikes  (v.  §  22). 

Finally  between  1882  and  1884  the  rocks  in  the  old  channel  were 
blasted  by  means  of  dynamite  over  a  width  of  30  sag^nes  (64  m.),  which 
gave  this  part  of  the  channel  a  depth  of  0.75  sag^nes  below  low  water. 

The  result  of  the  removal  of  these  rocks  was  to  lower  the  low  water 
level  of  the  rapid  by  0.045  sagfenes  (0.096  m.). 

The  depth  of  the  new  channel  presented  a  minimum  of  30  cM.  (p.  17). 
The  old  channel  was  principally  nsed  in  this  rapid. 

At  2V2  kilometres  below  the  Kodak  rapid  there  are  rocks  and  stones 
which  project  from  the  right  bank  for  300  m.  towards  the  middle  of  the 
river.  Isolated  rocks  from  the  left  bank  join  these  rows  of  rock  thus 
forming   the  Sinelnikovna,  Volockinova,  Boatzeva  and  Nassoullina  zahores, 

§  8.  The  Soura. 

Eight  versts  (8.5  Km.)  below  the  Kodak  rapid  is  the  island  of  Sourskoi, 
near  the  right  bank,  thus  named  after  the  river  Soura  which  here  falls 
into  the  Dnieper.  This  island  runs  parallel  to  the  banks  of  the  river  and 
is  joined  at  its  lower  end  by  two  ridges  of  granite  50  sag^nes  apart. 
These  ridges  form  the  Soura  rapid,  the  fall  of  which  is  0.512  m.  (fig.  28), 

§  9.  The  Cuvette  (Lokhanski). 

At  1.25  verst  (1.33  Km.)  below  the  Soura  rapid  the  continuation  of 
the  same  granite  bottom  is  met  with,  where  it  emerges  above  the  water 
in  isolated  rocks  and  continuous  ridges.  These  masses  of  rock  advance 
from  both  banks  towards  the  middle  of  the  stream  and  end  in  three 
small  islands  of  granite  formation,  thus  completely  barring  the  river  and 
forming  the  Lokhanski  rapid  (the  cuvette).  This  rapid,  with  a  fall  of 
from  0.267  to  1.753  m.,  is  one  of  the  most  dangerous  for  navigation.  It 
has  a  canal  with  dikes  on  each  side,  which  is  not  however  well  situated 
with  regard  to  the  main  current. 
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After  the  Lokhanski  rapid  the  two  channels  become  amalgamated  and 
continue  along  the  left  bank  of  the  river,  the  right  bank  being  sprinkled 
for  a  distance  of  two  verats  with  a  quantity  of  stones  and  sand-banks 
which  render  navigation  impossible.  Two  ridges  and  a  small  island  of 
granite  end  in  this  line  of  rocks,  on  the  left  side,  and  form  the  Boga- 
tyrskaia  or  Streletchaia  zabore. 

§  10.  The  Reaonnante  (Zvonetski). 

At  4^/2  kilometres  below  the  Lokhanski  rapid  is  the  Zvonetski  rapid 
(R6sonnante),  formed  by  two  ridges  ot  rock  some  200  m.  apart.  The 
Zvonetski  rapid,  which  has  a  fall  of  0.580  to  1.540  m,,  has  two  separate 
channels:  the  older  of  these  is  open,  whille  the  new  one  passes  through 
a  diked  canal.  There  is  a  zahore  known  by  the  name  of  Glaukhaia  about 
1  kilometre  below  this  rapid,  but  as  the  stones  which  form  it  are  sepa- 
rated by  considerable  intervals  the  only  difficulties  its  presents  are  due  to 
the  shallowness  met  with  over  certain  isolated  stones. 

Four  versts  further  on,  near  the  mouth  of  the  little  river  Voronaia,  the 
Dnieper  is  divided  by  a  number  of  islands  and  becomes  l^/i  verst  wide. 
The  channel  passes  between  the  last  of  these  islands,  the  Kozlov,  and  the 
left  bank.  Protected  on  both  sides  boats  halt  in  this  region  and  wait  for 
a  favourable  moment  to  pass  the  most  dangerous  of  the  rapids,  the 
Nenassytetski.  A  few  separate  ridges  of  rock  end  on  the  right  side  of  the 
island  of  Kozlov  and  form  the  Tiaghinskaia  rapid,  which  has  a  fall  of 
more  than  a  metre. 

As  this  rapid  only  bars  one  of  the  branches  it  is  generally  called  a 
zahore, 

§  II.    The  Insatiable  (Nenassytetski). 

At  a  distance  of  7  versts  253  sag^nes  (8  Km.)  from  the  Zvonetski  rapid 
a  collection  of  large  rocks  is  met  with  on  the  right  bank  of  the  Dnieper; 
from  this  point  stony  ridges  stretch  right  across  the  river  in  every  direc- 
tion uniting  with  numerous  islands  on  the  right  bank.  The  current  being 
thus  barred  and  diverted  by  an  immense  number  of  obstacles  scattered 
over  a  distance  of  nearly  1  Km.,  strong  cross  currents  and  eddies  are 
produced.  A  little  below  the  islands  a  ridge  of  rocks  appears  on  the  left 
bank  and  advances  obliquely  for  a  considerable  distance  into  the  river. 
This  ridge  throws  the  current  again  towards  the  right  bank  where  the 
water  breaks  upon  the  rocks  with  the  greatest  violence.  These  cross  cur- 
rents,  confined   and   broken   by  the  rocks,  cause  falls  in  which  the  water 
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boils  and  surges  with  iireeietible  force.  The  moBt  dangerous  of  these  falls 
is  named.  Hell  (fig.  29). 


Fig.  29.  —  The  Inutlable  (NenauytetakI)  Cape  Monattyrho  and  Hell. 

The  combination  of  these  difietent  obtacles  forms  the  Nenassytetski 
rapid,  the  total  fall  of  which  ia  from  4.810  to  5.203  m.  (Sgs.  30,  31).  The 
slightest  deviation  in  a  boats  course  or  a  sudden  rise  in  the  wind  cannot 
fail  to  cause  the  loss  of  the  craft. 

By  the  side  of  this  violent  rapid,  near  the  right  bank,  a  canal  has 
been  constructed  with  two  locks  (g  19).  The  length  of  this  canal  is  290 
sog^nes  and  its  width  is  from  8  to  10  sag^nes.  The  lock-chambers  have 
a  width  ot  5  aag^nes  and  a  depth  of  6  feet  on  the  sills  below  the  mean 
water  level.  This  canal  was  very  seldom  employed.  The  smallDees  of  the 
lock-chambers,  the  great  loss  of  time  in  getting  through  the  canal  and 
the  unfavourable  position  of  its  lower  end  have  led  to  its  abandonment 
C§  19). 

Subsequently  another  channel  near  the  left  bank  was  created  in  the 
Nenassytetski  rapid  with  the  help  of  open  canals  745  sagtoes  long  with 
dikes  on  each  side  (§  22). 

These  canals  have  the  same  defects  as  those  of  the  other  rapids:  the 
depth  is  insufficient  and  the  entrance  is  difiicult  (§  5). 

Descending  the  Dnieper  the  Voronovaia  nabore,  with  a  fall  of  2'  2", 
is  met  with  6  versts  from  the  Nenassytetski  rapid,  and  1  verst  lower 
down  is  the  Krivaia  zabore. 

There  are  a  great  many  other  zabores  between  the  Nenassytetski 
and  the  following  rapid,  the  Volnigski,  so  that  navigation  in  this  section 
is  extremely  difficult. 
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Fig.  30.  -    Projection  of  the  Nenaesytetsiii  (Ineatiabie)  rapid  ebowing  the 

worict  at  preeent  in  existence. 
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§  12.   The  Volnlgi. 

Twelve  versts  204  sag^nes  from  the  Neuassytetski  rapid  the  river  is 
again  crossed  by  four  almost  parallel  ridges  which  form  the  Volnigski 
rapid,  the  fall  of  which  is  between  1.903  and  3.314  m.  The  bed  of  the 
river  is  here  only  200  sagfenes  wide,  but  a  little  further  down  stream  the 
Dnieper  increases  both  in  width  and  depth. 

From  the  foot  of  this  rapid  the  two  channels  are  separate  until  the 
next  is  reached. 

§  18.  The  Boudilov. 

Five  versts  down  stream  the  bed  of  the  Dnieper  is  again  contracted 
by  rocks  on  both  sides  which  leave  it  only  a  width  of  200  sag^nes.  Two 
rows  of  islets  100  sag^nes  apart  produce  the  Boudilovski  rapid,  the  fall 
of  which  is  0.580  m.  at  low  water.  This  rapid  is  not  dangerous. 

Two  versts  from  here  there  are  many  islets,  the  principal  of  which 
are:  Ossokorovaly,  Tavaljany  and  Orlov. 

In  this  region  the  river  is  more  than  one  verst  in  width. 

§  14.  The  Superfltte  (Liehni). 

About  16  Km.  below  the  Boudilvoski  rapid  and  above  the  island  of 
Koukharev  the  bed  of  the  river,  confined  by  its  banks  of  granite,  is  not 
more  than  300  sag^nes  wide;  but  below  this  island  it  expands  again  to 
a  great  width.  In  this  contracted  space  above  the  island  detached  rocks 
and  collections  of  stones  extend  obliquely  from  the  left  to  the  right  bank 
and  form  the  Lishni  rapid,  the  fall  of  which  is  0.066  m.  This  rapid  is 
the  least  dangerous  for  navigation. 

§  15.  The  Libre  (Vilny). 

The  last  large  rapid,  named  the  Vilny,  is  4  versts  235  sag^nes  from 
the  Lishni  (fig.  32,  33).  The  channel  passes  between  the  islands  of 
Lantoukhov  and  Gavine*  The  river-bed  contracts  visibly  and  finally  is 
not  more  than  300  sag^nes  in  width. 

There  are  a  large  number  of  stony  islands  on  the  right  bank.  In  this 
rapid,  which  is  one  verst  in  length,  the  old  channel  has  a  most  irregular 
course.  Near  the  right  bank,  at  the  foot  of  the  rapid,  three  separate  rocks 
stand  up,  between  which  there  is  a  fair  depth  and  a  rapid  current.  The 
position  of  these  rocks  is  such  that  a  great  many  boats  are  drawn  into 
this  dangerous  passage.  Sometimes  they  are  dashed  to  pieces,  while  at 
other  times,  if  they  do  make  their  way  through,  they  sustain  such  in- 
juries that  it  is  impossible  for  them  to  continue  their  journey.  The  name 
of  Wolfs  Saw  has  been  given  to  the  place.  The  Vilny  rapid  is  regarded 
as  one  of  the  most  dangerous. 
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The  new  channel  in  the  VUny  rapid  is  guided  by  two  dikes.  The 
shallowness  of  this  channel  is  its  greatest  defect. 

§  16.  Pilots  on  the  Dnioper. 

The  dangers  with  which  navigation  is  attended  in  the  dilavial  section 
of  the  Dnieper  gave  rise  in  the  sixteenth  century  to  the  formation  of  a 
corps  of  Cossak  pilots  who  steered  the  boats  and  timber  floats  across  the 
rapids.  This  corps  of  volunteers  was  under  the  superintendence  of  the 
Cossak  Zaporoga.  Towards  the  end  of  the  eighteenth  century,  when  the 
Zaporogs  lost  their  independence  and  their  capital  (the  Setch)  was 
destroyed,  the  government  did  not  cease  to  encourage  the  pilots  on  the 
rapids,  but  conferred  upon  them  many  privileges  and  rewards. 

The  villages  of  Lotsmanskaiakamenka  and  Kaidaki  upon  the  river-banks 
are  to  day  free  from  all  duties  and  taxes,  even  from  military  service,  on 
condition  that  they  devote  themselves  to  pilotage. 

In  1872  the  total  number  of  pilots  on  the  rapids  was  837.  In  1892  it 
was  570. 

These  pilots,  who  are  wonderfully  skillful  and  plucky,  are  entirely 
depended  upon  for  the  navigation  of  the  rapids,  which  without  them 
would  be  impossible. 

Still,  even  under  their  guidance,  it  is  not  always  fortunate.  Mishaps 
to  boats  and  timber  floats  unfortunately  frequently  occur  and  sometimes 
there  is  a  loss  of  human  life.  As  insurance  companies  will  not  take  the 
risk  of  insuring  goods  over  the  rapids,  these  accidents  inflict  severe  losses 
upon  trade. 
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Fig.  32.  —  Projection  of  the  Vilny  rapid  (Libre). 


CHAPTER   III. 

Regulation  of  the  rapids  on  the  Dnieper,  methods 

that  haye  been  adopted. 

Contents:  §  17.  Introduotion.  —  §  18.  Works  of  the  eighteenth  oentury.  —  §  19. 
Works  and  schemes  of  General  de  Wollant.  ~  §  20.  Schemes  of  the  engineer 
Chichoff.  —  §  21.  Experiments  made  in  1833— B7.  —  §  22.  Construction  of  open 
canals  in  the  rapids  on  the  Dnieper.  —  §  23.  Latest  schemes,  studies  and  works 
(1865—93). 

§  17.    Introduotion. 

The  rapids  on  the  Dnieper,  which  so  seriously  impede  navigation  on 
one  of  the  most  important  waterways  in  Russia,  have  continually  occupied 
the  attention  of  the  government  since  the  annexation  of  the  provinces 
which  constitute  New-Russia. 

Numerous  attempts  have  been  made  to  improve  the  condition  of  the 
rapids  with  respect  to  navigation,  but  the  works  executed  on  various 
occasions  with  this  object  have  not  so  far  been  able  to  realise  any  definite 
resMts  with  regard  to  the  ascent,  for  the  matter  of  expense  has  always 
stood  in  the  way. 

In  briefly  reviewing  the  principal  works  which  have  been  executed  for 
the  regulation  of  these  rapids  we  have  no  intention  of  merely  going  into 
a  matter  of  history.  These  works  taken  together  may  in  many  ways  serve 
as  a  technical  lesson,  for  the  conception  of  them,  which  dates  back  to 
last  century,  is  founded  on  the  principles  which  are  followed  nowadays 
in  works  of  this  kind,  notably  upon  the  Danube,  the  example  of  which 
will  no  doubt  be  followed  upon  the  Dnieper. 

§  18.    Works  of  the  eighteenth  oentury. 

In  the  year  1771  Prince  Potemkinb,  Governor-General  of  New-Russia, 
anxious  to  try  every  means  for  the  development  of  the  fleet  and  the  new 
cities  on  the  Black  Sea,  suggested  the  regulation  of  the  rapids  on  the 
Dnieper.  The  works  executed  by  Colonel  Faleieff  are  mentioned  in  the 
description  of  a  journey  to  Kherson  in  1782  (1) 


(1)  ZOUEFF. 
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Among  these  works  is  included  the  canal  in  the  Kodakski  rapid  as 
well  as  that  in  the  Nenassytetski  rapid,  which  stilU  goes  by  the  name  of 
FaleiefTs  canal. 

To  judge  from  the  latter  they  were  small  branch  canals  cut  in  the 
bank  for  the  purpose  of  making  a  detour  round  the  rapid. 

These  works  are  considered  to  be  the  first  which  have  been  undertaken 
on  the  rapids  of  the  Dnieper.  Nevertheless  according  to  some  authors  it 
is  to  Peter  the  Oreat  to  whom  the  honour  of  the  initiation  of  the  first 
works  for  the  regulation  of  the  rapids  with  respect  to  navigation  is  due; 
but  no  trace  of  these  works  exists  and  only  the  tradition  remains. 

An  impetus  was  given  to  the  prosecution  of  these  improvements  by  the 
journey  oi  the  Empress  Catherine  through  the  south  of  Russia.  She  paid  a 
visit  to  the  rapids  in  1787  and  established  the  corporation  of  pilots 
(§  16),  the  members  of  which  have  since  been  exempt  from  taxation.  By 
this  act  of  generosity  the  Empress  wished  to  glorify  the  courage  and  skill 
of  the  brave  villagers,  the  inhabitants  of  Kaidaki,  who  in  her  majesty's 
presence  were  able  to  steer  the  imperial  fiotilla  over  the  Nenassytetski 
rapid,  the  most  dangerous  of  them  all. 

§  19.    Works  and  schemes  of  General  de  Wollant. 

In  1795  Colonel,  and  later  General,  de  Wollant  of  the  Engineers  and 
Director-General  of  Ways  and  Communications  (1812 — 18)  was  delegated 
by  the  imperial  government  to  study  the  question  of  the  rapids  upon 
the  spot.  De  WoUant's  first  idea  was  to  make  locks  on  all  the  rapids,  but 
economy  subsequently  obliged  him  to  modify  his  scheme.  His  next 
scheme  was  to  adopt  different  methods  according  to  the  importance  of 
the  rapids,  either  a  simple  deepening  of  the  navigable  channel,  or  the 
erection  of  leading  dams  to  prevent  boats  impelled  by  cross  currents 
from  leaving  the  channel,  or  the  construction  of  locked  canals.  At  first 
De  WoUant's  scheme  included  the  construction  of  a  lock  for  the  Nenas- 
sytetski rapid  only,  while  he  proposed  to  r^ulate  the  othei'S  by  more 
economical  methods  in  the  first  instance  and  only  to  make  locks  when 
the  requirements  of  navigation  should  render  it  necessary.  The  estimated 
cost  of  these  works  was  only  1,186,000  roubles.  General  de  WoUant's 
scheme  was  in  1797  honoured  with  imperial  approval  and  the  execution 
of  it  was  commenced  the  same  year.  The  work  lasted  until  1810. 
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Fig.  34.    Projection  of  the  Old  Kodak  rapid  showinfi  the  works  execated 
accordiag  to  fke  sdieaie  of  Geaeral  de  WoUant 

The  principal  operation  waa  the  deepening  of  the  navigable  channel. 
Leading  dams  which  were  built  of  unhewn  stone  were  next  constructed 
in  the  first  three  rapids,  Starokodakski,  Sourski  and  Lokhanski.  The 
depth  and  width  of  these  canals  was  small.  The  canal  on  the  Old  Kodak 
was  hardly  20  m.  wide  (fig.  34). 

The  leading  dams  were  also  on  a  very  small  scale.  That  on  the  Old 
Kodak  was  only  50  sag^nes  in  length,  that  on  the  Soera  80  sag^nes  and 
that  on  the  third  rapid,  the  Cuvette,  90  sag^nes  (fig.  35).  The  dams  were 
very  feeble  and  could  not  long  withstand  the  efiect  of  the  ice  and  within 
a  few  years  no  trace  of  them  was  left. 


^  *!► 


»      iM.    m.    M».  4hwc'tmi.  ^  ••    .    •>! 

iA'Di&UtS  DiflECTRicCs" 


Fig.  35.  —  Projection  of  tlie  Soura  and  Cuvette  rapid  allowing  tlie  works  exeoated 

according  to  the  scheme  of  General  de  Wollant 
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In  the  other  rapids  only  the  deepening  of  the  channel  wae  attempted 
and  only  in  the  NeoaBsytetaki  rapid  was  a  canal  made  105  sag^nes  in 
lei^ilth  having  a  lock  with  two  lock-chamhere  and  an  intermediate 
baein,  the  total  fall  being  14  feet.  The  depth  on  Uie  Bills  of  these  locks 
was  6  feet  below  a  level  which  was  considered  the  mean  water  level 
(figs.  36-41). 


-  Projeotloi  of  the  Insatiable  rapid  showing  the  woriu  axeoited 
aoeordfng  to  the  icheHe  of  Beneral  de  Wollant. 


The  following  is  the  manner  in  which  as  inspector  of  the  work  de 
Wollant  described  this  lock  in  a  letter  addressed  by  him,  under  date 
of  2*^  January  1805,  to  the  Director  of  Ways  and  Communications. 

„The8e  two  locke  on  the  Nenassitetzky  are  constructed  oi  hewn  granite; 
„they  are  larger  than  the  locks  on  the  Ladoga-Canal.  To  get  them  into 
„position  it  has  been  necessary  to  cut  a  canal  through  a  solid  lock  55 
„fathom8  in  length,  24  feet  deep  and  5f>  feet  wide. 

„It  is  well  known  that  the  Nenassitetzky  rapid  has  bafHed  all  methods 
„of  improvement  and  that  it  only  remained  to  construct  the  locks  in 
„()ueBtion  in  order  to  prevent  the  desastera  to  which  navigation  is  con- 
„tinuaUy  exposed  in  this  rapid. 

„A11  the  other  rapids,  since  their  regulation  and  the  fixing  of  the 
„direction  of  the   navigable   channel,   are  now  passed  without  danger  or 


„loaa;  but  on  the  Nenaaaytetzki   there  are   always   5   or   6   craft   lost   in 
„the  descent  and  as  many   timber   fioata,   without   counting   the   loss   of 


Fig.  42.  —  Pretenl  atate  of  the  loclc  oonatrueted  Bcoordlan  to  the  acheae  af  Geiwral 
de  Wollant  in  a  lateral  eanal  near  the  Nenassytetskl  (Insatiable)  rapid. 

„There  is  no  doubt  therefore  that  it  depends  upon  the  construction  of 
„these  locks  and  other  works  in  this  region  to  obviate  all  danger  in  the 
„de8cent  of  the  Dnieper  over  all  the  rapids  during  high  and  mean  water, 
„and  even  in  time  of  low  water,  if  the  level  is  not  extraordinarily  low. 
„In  this  latter  case  and  for  vessels  to  ascend  the  river  —  which  the  first 
„scheme  provided  for  —  there  is  no  other  method  than  to  resort  to  the 
„conetruction  of  locks  upon  eight  other  rapids,  for  which  those  upon  the 
i.Neaasaytetski  when  complete  might  serve  as  a  guide  and  model." 

The  Nenassyteteki  lock  was  finished  in  1808  and  an  experiment  made 
with  a  boat  proved  the  perfect  working  of  the  apparatus.  By  a  decision 
of  the  6"*  March  1808  the  Emperor  distributed  rewards  to  the  personnel 
directing  the  works. 

Unfortunately  this  fine  piece  of  work  was  of  little  or  no  utility  for 
navigation. 

The  timber  floats  and  boats  which  went  down  the  Dnieper  were  larger 
in  dimensions  than  the  lock.  Floats  therefore  had  to  be  re-formed  in 
order  to  pass  through  the  lock  and  boats  had  to  be  lightened.  Moreover 
the  lock  was  difficult  to  approach  on  account  of  the  shallowness  of  the 
channel  leading  to  it.  These  inconveniences  caused  boats  going  down 
stream  to  pursue  the  old  route. 

With   regard   to   navigation    up   stream,    no   use  could  be  made  of  the 


44 

lock  on  the   Nenassytetski  on   account  of  the  other  rapids,  which  could 
not  be  passed. 

The  lock  was  gradually  abandoned  and  finally  fell  into  decay;  but  it 
always  remains  a  monument  worthy  of  its  author  and  a  lesson,  dearly 
bought  it  is  true  (the  cost  of  it  was  1^/2  million  roubles),  of  enterprises 
insufficiently  studied  from  a  financial  point  of  view.  If  at  the  time  when 
this  lock  was  built  the  necessary  funds  had  been  available  for  completing 
the  series,  by  making  similar  locks  in  the  other  rapids,  we  should  to  day 
find  upon  the  Dnieper  a  navigation  the  activity  of  which  would  hardly 
be  equalled  in  Europe. 

§  20.  Schemes  of  the  engineer  ChfohofT. 

Ten  years  later  the  Direction  General  of  Ways  and  Clommunications 
again  took  up  the  question.  This  time  the  engineer  Chichoff  was 
charged,  in  1824,  with  the  detailed  study  of  the  rapids  on  the  Dnieper 
and  the  drawing  up  of  a  complete  scheme  for  their  regulation. 

In  1826  the  scheme  was  ready.  It  consisted  in  a  detailed  analysis-  of 
the  solutions  possible,  such  as  the  formation  of  a  branch  canal  connecting 
the  Dnieper  above  the  rapids  with  the  Black  Sea  or  Sea  of  Azov,  or  of 
a  lateral  canal  which  would  make  a  detour  round  the  rapids,  a  locked 
canal  in  the  bed  of  the  river  with  dikes  on  each  side  throughout  the 
diluvial  section  of  the  Dnieper,  the  removal  of  rock  from  the  channel 
for  ascending  navigation  with  locks  in  each  rapid,  and  finally  open  canals 
with  dikes  on  each  side,  within  the  limits  of  each  rapid,  for  navigation 
with  the  current. 

With  the  locked  canal  in  the  bed  of  the  river  Chiohoff  calculated 
there  would  be  16  locks.  The  dikes  required  more  than  5  million  cubic 
metres  of  material.  The  estimated  cost  amounted  to  10.643.014  roubles. 
Moreover  Chichoff  thought  that  constructive  works  placed  in  the  bed  of 
the  river  could  not  be  sufficiently  protected  against  the  ice  and  that  wind 
might  render  the  canals  inaccessible  or  difficult  to  approach. 

A  branch  canal  would  according  to  Chichoff  be  free  from  these  incon- 
veniences. But  after  studying  the  different  aspects  of  this  solution  Chichoff 
came  to  the  conclusion  that  a  lateral  canal  would  require  au  enormous 
sum  of  money,  for  it  would  be  necessary  to  cut  the  canal  through  hard 
rock  rising  often  to  a  height  of  more  than  35  sagSnes  or  to  lead  it 
through  a  number  of  deep  valleys. 

Chichoff  therefore  regarded  all  these  solutions  as  impracticable  and 
adhered  to  the  necessity  of  establishing  two  different  and  separate  routes 
for  navigation  up  and  down  stream.  For  the  former  be  recommended 
between  the  rapids  a  channel  30  sag^nes  wide  along  the  right  bank, 
which  should  be  formed  by  removing  the  rock  for  a  depth  of  S'/j  feet 
below  low  water  level,  and  locked  canals  on  each  rapid;  for  boats  going 
down  stream  a  channel   15  sagdnes  wide  with  a  depth  of  5^/^  feet  below 
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low  water  (?)  and  with  dikes  on  each  side  in  the  rapids.  According  to 
Chichofp  the  carrying  out  of  this  scheme  would  cost  4.200.000  roubles 
and  would  take  7  years. 

It  is  remarkable  that,  although  Chichoff  proposed  to  build  leading 
dams  along  his  canals,  he  intended  them  to  do  no  more  than  protect 
boats  from  the  effects  of  wind  from  the  side  and  he  does  not  seem  to 
have  foreseen  the  much  greater  influence  they  would  exercise  on  the 
distribution  of  the  incline. 

§  21.  Experiments  made  In  1833—1837. 

The  Direction  Greneral  of  Ways  and  communications  only  approved  of 
part  of  Chichoff's  scheme,  viz-that  part  which  dealt  with  navigation 
with  the  current.  It  was  decided  not  to  carry  the  scheme  into  immediate 
execution  and  it  was  agried  to  reserve  the  right  of  making  certain 
modifications  after  an  experimental  study,  which  was  judged  to  be  indis- 
pensable. 

A  commencement  was  made  with  the  dikes.  At  first  it  was  thought 
that  they  should  be  done  away  with  completely  and  that  elastic  supports 
which  might  protect  boats  from  shocks  under  the  action  of  the  wind 
should  take  their  place. 

It  was  then  proposed  for  the  sake  of  economy  to  do  away  with  one 
dike  and  to  dig  a  second  channel  on  the  other  side  of  the  remaining 
dike,  so  that  boats  might  find  shelter  from  the  wind  on  either  side. 
Finally  the  sheme  was  reduced  to  an  experiment  upon  the  first  rapid 
(the  old  Kodak). 

Under  this  form  the  scheme  obtained  in  1833  the  sanction  of  the 
Emperor,  and  the  same  year  the  execution  of  it  was  begun.  This  dike 
was  built  at  a  distance  of  120  sagdnes  from  the  left  bank  of  the  river. 
It  was  composed  of  large  blocks  of  stone,  placed  dry,  and  had  a  length 
of  150  sagdnes,  a  height  of  about  12^1^  feet  and  a  width  of  2  sag^nes  on 
the  top  (figs.  43—56).  The  channel  was  given  a  depth  of  6  feet  below 
low  water  level  (?). 

In  the  course  of  the  work,  from  reasons  of  economy  recognised  by 
experience,  it  was  agried  to  revert  to  the  construction  of  two  dikes  one 
on  each  side  of  a  single  channel. 

The  second  dike  was  only  9  feet  high  and  1  sagdne  wide  at  the  top. 

The  work  was  finished  in  1837.  Five  years  later  a  portion  of  the  left 
hand  dike  at  the  entrance  to  the  canal  was  demolished  in  order  to  render 
the  approach  less  difilcult.  At  the  same  time  this  dike  was  raised  to  the 
height  of  that  on  the  right  hand. 

The  cost  of  this  canal  amounted  to  89.427  roubles,  but  this  sum 
increases  to  about  95.500  (fr.  238.750)  if  the  previous  works  upon  this 
rapid  are  included. 


(■  1833-37. 
IteiitadiM  cf  the 

Old  Kodak  rapid. 


Fig.  44  ■nd  46.  —  ElevatlM  and  projMtioii  af  a  dike.] 


Fig.  46.  —  Traiiaverae  awUaa  of  the  caul. 
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Fig.  56.  —  Longitudinal  section  and  projection  of  the  canal  on  the  Inaatiahle, 
according  to  the  oboervation  of  the  engineer  Regouiski  (1858). 
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§  22.    Construction  of  open  canals  in  the  rapids  on  the  Dnieper. 

From  25  observations  taken  in  1842  in  the  canal  of  the  01k  Kodak 
rapid  it  was  found  that  the  velocity  of  the  current  was  8  feet  per  second. 
This  result  appeared  so  favourable  that  it  suggested  the  possibility  of 
doing  without  locks  for  ascending  the  rapids  on  the  Dnieper  by 
hauling  boats  up,  when  necessary,  by  means  of  capstans  fixed  on  the 
dikes  of  the  open  canals  (1). 

An  experiment  made  with  a  boat  confirmed  the  hypothesis. 

This  result  helped  greatly  to  accelerate  the  construction  of  canals  in 
other  rapids  on  the  Dnieper  (2). 

For  tile  canals  in  other  rapids  it  was  first  proposed  to  establish  a  run 
at  the  entrance  in  order  to  facilitate  the  approach  of  the  boats,  but  this 
idea  was  afterwards  abandoned  and  the  dikes  were  arranged  as 
follows. 

In  the  places  where  the  width  of  the  river  is  about  equal  to  the 
normal  width  the  distance  between  the  dikes  was  to  be  diminished  pro- 
gressively towards  the  end  of  the  canal.  When  the  circumstances  should 
be  the  reverse,  it  was  proposed  to  diminish  progressively  the  incline  of 
the  bottom,  while  preserving  the  same  distance  between  the  dikes 
throughout  the  length  of  the  canal. 

The  scheme  thus  conceived  was  approved  oi  in  1848  and  the  same  year 
a  commencement  was  made  to  carry  it  into  effect  in  the  8  succeeding 
rapids  as  well  as  in  the  reformation  of  the  canal  in  the  Old  Kodak  rapid. 

This  work  was  completed  in  1864,  The  cost  amounted  to  about 
2,000,000  r.,  which  sum  includes  the  expenses  of  maintenance  up  to  1872. 

The  result  of  these  works  was  to  prolong  the  period  during  which  navi- 
gation was  possible  with  the  current  by  one  month. 

The  canals  thus  made  in  the  rapids  on  the  Dnieper,  of  which  figs.  26, 
27,  28,  30,  31,  33,  56  give  a  tolerably  clear  idea,  were  far  from  being 
quite  finished.  The  inadequacy  of  the  means  available  did  not  allow 
of  giving  the  requisite  widtlx  and  depth,  of  removing  the  ridges  in  the 
channel  between  the  rapids,  of  raising  the  dikes  to  a  suitable  height,  etc. 

The  depth  obtained  was  only  4  feet  below  low  water  level  and  in  some 
places  only  3^2  feet.  The  bottom  of  the  canals  was  therefore  visible  in  some 
places  at  times  of  lowest  water.  The  dikes  rose  commonly  8  feet  (2.4  m.) 
above  low  water  level,  while  the  high  waters  rose  two  or  three  times 
this  height,  even  more.  The  canals  could  only  be  used  for  navigation 
during  a  limited  period,  when  the  average  level  was  high  enough  to  give 
a  sufficient  depth,  and  low  enough  not  to  overflow  the  dikes. 


(1)  The  rapids  on  the  Dnieper.  Ann.  des  Yoiea  de  Com.  1S45. 

(2)  Id.  (observations  of  M.  Goloyatohef)  A  V  C,  1863. 
V.  E.  DB  TncoNonr. 
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There  were  difficulties  in  the  way  of  navigation  against  the  current 
which  were  considered  insurmountable. 

Nevertheless  the  works  of  1843 — 54  put  in  practice  a  principle  which, 
nearly  half  a  century  later,  found  most  weight  in  the  choice  of  a  solution 
for  the  Iron  Gates  on  the  Danube,  viz.  the  adoption  of  open  canals  with- 
out locks. 

§  23.    Latest  schemes,  studies  and  works  (1855 — 93). 

The  comparative  failure  of  the  method  of  regulation  with  open 
canals  in  the  rapids  on  the  Dnieper,  the  causes  of  which  were  attri- 
buted to  defect  in  the  principle  rather  than  to  the  manner  of  execution, 
caused  locked  canals  again  to  come  into  favour. 

Therefore  in  1873  we  hear  of  a  new  scheme  for  the  regulation  of  the 
rapids,  in  which  locks  are  considered  as  the  only  means  for  rendering 
this  part  of  the  river  navigable  against  the  current.  This  scheme,  prepared 
by  M.  MiTROFANOPP,  engineer  of  Ways  of  Communication,  unhappily 
since  dead,  provided  for  locked  canals  in  all  the  rapids.  Each  canal  was 
to  be  formed  by  means  of  a  single  leading  dam  at  a  short  distance  from 
the  bank.  The  locks  were  placed  at  the  lower  end  of  the  canal  and  were 
preceded  by  a  weir,  which  was  intended  to  keep  the  water  in  the  canal 
at  a  fixed  level.  The  number  of  locks  provided  for  by  this  scheme  was 
nine,  three  of  which  had  two  chambers  and  one  a  series  of  three  chambers. 

The  dikes  rose  0.20  sag^ne  above  the  navigable  water  level  and  the 
sills  of  the  locks  were  to  be  5  feet  (0.714  m.)  below  the  conventional  low 
water  level  (0)  of  the  river. 

The  dimensions  of  the  lock-chambers  were  55^2  by  6  sag^nes  (118.4  X 
12.8  m.).  The  side-walls  were  0.25  sagfene  (0.533  m.)  above  the  level  of 
the  highest  floods  (1845).  The  cost  was  estimated  at  10,157,000  roubles 
(fr.  25,380,000). 

The  necessity  of  asking  the  treasury  for  such  a  sum  frightened  the 
Minister  of  Ways  of  Communication ;  the  scheme  was  not  approved  of 
and  the  question  was  submitted  to  a  series  of  fresh  studies. 

The  question  was  again  asked  whether  it  was  not  possible  to  provide 
for  navigation  against  the  current  without  employing  such  costly  works 
as  locks,  by  making  use  of  the  canals  already  in  existence.  With  this 
object  a  system  of  towing  in  the  rapids  was  attempted.  The  experiment 
was  not  successful,  both  on  account  of  the  defects  in  the  canals,  which 
we  have  spoken  of  above  (insufficient  depth,  irregular  incline,  etc.),  and 
the  defective  means  of  towing.  The  failure  theretore  proved  nothing,  for 
there  were  instances  of  boats  and  even  a  dredger  ascending  the  rapids; 
but  the  failure  helped  still  further  to  discourage  public  opinion.  It  is  to 
the  personal  influence  of  an  eminent  engineer,  whose  death  is  also  much 
to   be   regretted,  M.  Golovatchef,   director  of  Ways   of  Communication 
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in  the  district  of  Kiev,  that  the  continuation  of  the  studies  and  works  on 
the  rapids  during  this  period  of  mistakes  is  due. 

Strongly  advocating  the  regulation  of  the  rapids  without  locks,  M. 
GoLOVATGHEF  causcd  experiments  to  be  made  with  the  blasting  of  rocks 
below  water  by  means  of  dynamite. 

The  work  accomplished  during  the  years  1884—86  were  intended  to 
give  the  old  channel  in  the  Old  Kodak  rapid  a  depth  of  10  quarters  of 
an  archine  (1.778  m.)  below  low  water  level  with  a  width  of  30  sag^nes 
(64  m.). 

It  proved,  on  the  one  hand,  the  economy  of  using  dynamite  instead 
of  powder,  which  had  previously  been  employed,  and,  on  the  other  hand, 
it  disposed  of  a  prejudice  which  greatly  hindered  the  solution  of  the 
question  and  upon  which  we  will  say  a  few  words. 

The  years  of  drought,  which  occurred  after  the  construction  of  the 
canals  in  the  diluvial  section  of  the  Dnieper,  led  people  to  believe  that 
the  removal  of  rock  from  the  rapids  was  the  cause  of  the  lack  of  water 
in  the  river  in  the  dry  season.  The  hypothesis  soon  became  a  certainty, 
as  far  as  the  inhabitants  in  the  neighbourhood  of  the  river  were  con- 
cerned, and  the  report  spread  throughout  the  Empire,  doing  much  harm 
to  the  cause  of  the  ultimate  regulation  of  the  rapids.  Numbers  of  people 
stated  with  the  utmost  assurance,  although  they  had  no  knowledge  of 
fluvial  hydraulics,  that  the  works  on  the  rapids  had  lowered  the  level  of 
the    Dnieper   as  far  as  Kiev,  several  hundred  kilometres  from  the  rapids  I 

The  works  on  the  Old  Kodak  rapid  proved  de  visu  the  absurdity  of 
this  statement. 

The  maximum  lowering  of  the  water  level  in  the  rapid,  even  below  the 
excavation,  was  only  0.046  sagSne  (0.096  m.),  and  this  could  evidently 
only  be  observed  near  the  rapid.  Taking  these  experiments  as  a  basis, 
M.  GoLOVATCHEP  with  the  help  of  M.  Soulkovski,  engineer  of  Ways  of 
Communication  formed  a  new  scheme  for  the  regulation  of  the  rapids. 
This  time  there  were  to  be  two  diflferent  ways,  one  for  the  descent  and 
one  for  the  ascent. 

The  first  of  these  ways  was  to  follow  the  old  channel,  all  ridges  of  rock 
were  to  be  lowered  so  as  to  give  everywhere  a  depth  of  10  quarters  of 
an  archine  (1.778  m.)  below  low  water  level. 

The  second  was  to  pass  through  canals  with  a  depth  of  7Vj  quarters 
of  an  archine  (1.335  m.)  below  low  water  level  (0),  and  the  dikes  etc,  of 
these  canals  were  to  be  restored.  The  necessity  of  providing  mechanical 
means  of  traction  in  the  rapids  was  foreseen  and  only  the  ascent  of  empty 
boats  was  thought  of. 

The  estimated  cost  was  1,600,000  roubles  (fr.  4,000,000). 

This  scheme,  presented  to  the  Ministery  of  Ways  of  Communication 
in  1889,  was  not  sanctioned  like  those  previously  drawn  up,  and 
M.   GoLOVATOHEF  having  died,  it  seemed  that  the  rapids  on  the  Dnieper 
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iroald  be  forgotten  for  long  time,  when  the  qaestkm  was  again  taken  np 
mo6t  energeticallj  br  His  Excellency  the  Minister  of  Ways  €fi  Com- 
manication,  M.  A«  C.  KiuvocHii^E,  who  gave  it  his  attrition  almost 
from  the  time  of  his  assumption  of  office  (1892).  Upcm  his  visit  to  the 
ports  and  rivers  of  southern  Russia  M.  Krfv'och&ikb  was  struck  with  the 
state  of  negligence  of  the  diluvial  section  of  the  Dnieper,  barring,  as  it 
did  a  hundred  years  ago,  this  water-course  which  offered  such  enormous 
possibilities  to  trade  almost  at  the  gate  of  the  Blac^  Sea. 

A  new  study  of  the  question  was  therefore  decided  upon  in  order  to 
form  a  scheme  for  the  complete  regulation  of  the  rapids.  We  have  had 
the  honour  of  being  charged  by  His  Excellency  the  Minister  with  the 
task,  as  flattering  as  it  is  difficult,  of  drawing  up  this  scheme  and  ot 
directing  the  experiments  which  are  to  furnish  the  basis  of  the  system 
to  be  adopted. 

In  the  following  chapter  we  will  explain  the  principles  which  we  think 
must  be  followed  in  the  investigations. 


CHAPTER  IV. 

Principles  of  the  scheme  under  consideration. 

Contents:  §  24.  Comparison  between  the  rapids  on  the  Dnieper  and  those  on  the 
Danube.  —  §  25.  Essential  differences  between  the  rapids  on  the  Dnieper  and  those 
on  the  Danube.  —  §  26.  Aim  of  the  proposed  reg^ilation.  —  §  27.  General  discussion 
of  the  systems  of  regulation  and  the  division  of  the  rapids  into  categories.  —  §  28. 
Canals.  —  §  29.  Projected  locked  passages.  —  §  30.  Mechanical  traction  of  boats  and 
utilisation  of  the  motive  power  of  the  rapids.  —  §  31.  Experiments.  —  §  82.  Conclusions. 

§  24.    Comparison  between  the  rapids  on  the  Dnieper  and  those 

on  the  Danube. 

In  order  to  facilitate  the  examination  of  the  principles  upon  which 
the  regulation  of  the  rapids  on  the  Dnieper  is  based,  we  will  commence 
this  chapter  by  a  succinct  comparison  between  the  characteristics  of  the 
diluvial  section  of  the  Dnieper  with  those  of  the  diluvial  section  of  the 
Danube,  which  the  members  of  the  present  Congress  are  well  acquainted 
with,  thanks  to  the  report  presented  by  M.  de  Gronda  to  the  Paris  Con- 
gress in  1892.  (1) 

The  Danube.  The  Dnieper. 

(a.)  Length  of  the  diluvial  section. 
The  length  of  the  diluvial  section        The  length  of  the  diluvial  section 
of  the  Danube  between  the  first  rapid,    of  the  Dnieper  between  the  extreme 
Stenka,  and  the  last,  the  Iron  Gates,    rapids  is  62.5  versts,  or  66.7  Km. 
is  86  Km. 

(b.)  Total  length  of  the  sections  obstructed  by  rock. 
The  total  length  of  the  places  On  the  Dnieper  the  combined 
obstructed  by  rock  in  the  diluvial  length  of  the  9  rapids  is  equal  to 
section  of  the  Danube  is  about  10  about  7  ®/o  of  the  total  length  of 
Km.,  or  12  ^/o  of  the  entire  length  the  diluvial  section.  If  the  extent 
of  this  diluvial  section.  of    the  obstacles    formed    by     the 

zabores  etc.  is  added  together,  it  would 
be  found  to  compose  not  less  than 
20  ^Iq  of  the  diluvial  section. 


(1)  We  avail  ourselves  of  this  opportunity  to  express  our  thanks  to  M.M.  Wallandt, 
HoszpoDSKi  and  De  Gonda  for  the  fund  of  informatiou  they  have  been  kind  enough 
to  give  us  with  regard  to  the  rapids  on  the  Danube  upon  our  visit  to  the  remarkable 
works  under  their  direction. 
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(c.)  Width  of  the  bed. 


The  width  of  the  bed  of  the 
Danube  in  its  diluvial  section  varies 
within  the  limitsof  170  m.  (the  defile 
of  Kazan)  and  2020  m.  (near  Greben), 
or  from  1  to  12. 


The  width  of  the  bed  of  the 
Dnieper  in  its  diluvial  section  varies 
much  less,  the  extreme  limits  being 
in  round  numbers  400  to  1200  m., 
or  from  1  to  3. 


(d.)  Depth  at  low  water. 


» 


» 
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The  depth  at  low  water  varies 
from  2  to  52  m.,  with  the  exception 
of  five  places,  the  rapids  properly 
so  called,  where  the  depth  becomes. 
1.05  for  the  Stenka  ....  rapid. 
1.8  „  „  Kozla-Doyka  .  .  „ 
0.2     „    „  Izlas-Tachtalia-Greben 

0.7     „     „  lucz 

0.3     „    „  Iron  Gates  .    .    . 

The  periods  of  low  water  which 
give  so  little  depth  are  exceptional 
and  last  only  a  short  time. 

According  to  the  observations  taken 
in  a  period  of  40  consecutive  years 
(1840—1880),  during  158  days  out 
of  the  275,  which  is  the  average  for 
navigation  to  be  possible,  the  depth 
in  the  rapids  on  the  Danube  allowed 
of  the  navigation  of  boats  drawing 
1.5  m. 


Besides  the  9  principal  rapids  there 
are  as  many  as  60  zabores,  in  which 
rocks  upon  the  bottom  or  moveable 
stones  reduce  the  depth,  contract  the 
channel  etc. 

The  depth  at  low  water  is  very 
small,  falling  to  a  few  decimetres  in 
a  great  many  parts  of  the  channel. 
Many  stones  in  the  channel  emerge 
at  this  season. 

When  the  water  is  not  quite  at 
its  lowest  level,  0.15  verschoks  (0.67 
m.),  the  descent  even  of  timber  floats 
becomes  impossible. 


(e.)  Total  inclir^  and  average  incline. 


The  total  incline  of  the  Danube 
in  the  section  betwe<*n  the  extreme 
rapids  is  23.392  m.,  which  gives  an 
average  incline  of  0.00027. 


The  total  incline  of  the  Dnieper 
between  the  extreme  rapids,  is  15.7 
sag^nes  (33.44  m.),  which  gives  an 
average  incline  of  0.0005. 


(f.)  Maximum  inclines. 


The  inclines  of  the  surface  at  low 
water  on  the  Danube  vary  in  the 
rapids  from  0.0001  to  0.00417.  The 
latter  limit  is  only  met  with  over  a 
distance  of  410  m.  in  the  Iron  Gates, 
where  the  average  incline  is  0.0032 


The  inclines  of  the  surface  at  low 
water  on  the  Dnieper  are  in  many 
places  much  greater  than  the  maxi- 
mum upon  the  Danube. 

Thus  in  the  Cuvette  the  incline  is 
0.01064,  in  the  Insatiable  0.0055,  etc. 
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for  one  kilometre  and  0.00199  for 
the  entire  length  of  the  rapid  (2.59 
Km.),  the  total  fall  being  5.156  m. 


(g.)  Maximum  Velocity. 


The  maximum  velocity  in  the 
rapids  on  the  Danube  is  found  in 
the  Iron  Gates.  It  is  hardly  more 
than  5  m. 


The  maximum  velocity  in  the 
rapids  on  the  Dnieper  is  met  with 
in  the  Cuvette,  where  it  is  2.5  sagfenes 
(5.33  m.)  per  second. 

In  the  Insatiable  it  is  1.92  sag^ne 
(4.1  m.). 


(h.)  Discharge. 


The  discharge  of  the  Danube  accor- 
ding to  the  latest  data  is:  at  low 
water  1475  cub.m.  and  for  a  rise  in 
the  level  of: 

1  metre 2440  cub.m. 

2  „ 4000      „ 

3  „ 5500      „ 

4  „ 7700      „ 

5  „ ?         „ 


The  variations  in  the  discharge  of 
the  Dnieper  are  much  greater.  The 
discharge  calculated  for  low  water 
is  29  cub.  sag^nes  (282  cub.m). 

At  conventional  low  water  the 
discharge  becomes  about  500  cub.m. 
At  high  water  it  rises  to  9000  cub.m. 

The  maximum  calculated  for  the 
highest  floods  is  17000  cub.m. 


(k.)  Floods. 


The  floods  on  the  Danube  rise  5 
m.  above  low  water  level  and  in  one 
place  only  (Greben)  the  difficulties 
of  navigation  increased  on  account 
of  the  falls  and  eddies  which  were 
here  produced  by  a  sudden  widening 
in  the  bed. 


The  floods  on  the  Dnieper  cause 
the  level  to  vary  within  the  limits 
of  more  than  8  m.  According  to  the 
scale  at  Lotsmanskaia  Kamenka  the 
level  rises  to  +  3.7  sagfenes  (7.9  m.) 
and  sinks  to  —  0.60  sag^ne  (1.28  m.). 

As  soon  as  the  water  level  rises 
over  6  archines  (4.27  m.)  above  low 
water  level,  the  current,  deviated  by 
rocks,  which  emerge  when  the  water 
is  low,  becomes  so  disturbed  in  many 
places  that  all  navigation  is  forbidden 
by  law  in  order  that  disasters  may 
be  avoided. 

High  water  therefore  on  the  Dnieper 
is  attended  with  infinitely  greater 
difficulties  than  on  the  Danube,  the 
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conditions  under  which  the  river 
flows  in  the  winter  and  summer  beds 
difiering  greatly. 


GO  Wind. 


Wind,  always  an  inconvenience  in 
a  part  of  a  river,  where  obstacles  to 
navigation  are  met  with,  never  causes 
a  cessation  of  traffic  in  the  diluvial 
section  of  the  Danube.  This  is  due 
both  to  the  small  number  of  rocks 
encountered  and  to  the  power  of  the 
engines  oi  the  steamboats. 


Wind  in  the  diluvial  section  of  the 
Dnieper  in  its  actual  condition  ren- 
ders the  descent  of  boats  and  floats 
absolutely  impossible. 

As  they  are  carried  along  by  the 
force  of  the  current  the  crews  cannot 
keep  them  in  the  channel  if  there 
is  any  side  wind  to  speak  of. 

It  is  therefore  often  necessary  to 
wait  for  days  and  weeks  for  favou- 
rable weather  in  order  to  pass  the 
rapids. 

Without  this  precaution  there  is 
great  danger  of  disaster. 

It  should  be  remarked  that,  when 
a  deep  channel  is  created  throughout 
the  whole  distance,  the  use  of  steam 
power  will  greatly  diminish  this  in- 
convenience; but  it  can  never  com- 
pletely disappear  without  the  con- 
struction of  far  too  costly  works,  on 
account  of  the  enormous  quantity  of 
rocks  scattered  over  this  part  of  the 
river.  It  is  not  only  in  five  places 
as  on  the  Danube,  but  in  dozens  of 
places  that  a  boat  would  run  the 
risk  of  being  injured  if  it  left  the 
channel  under  the  influence  of  the 
wind. 


(m.)  Navigation, 


The  existence  of  the  rapids  on  the 
Danube  has  not  prevented  navigation 
from  developing  to  a  remarkable 
extent  upon  this  part  of  the  river. 

Numerous  boats  belonging  to 
Austria-Hongary,  Servia,  Roumania 
and   Russia  ascend  and  descend  the 


The  rapids  On  the  Dnieper,  in  spite 
of  the  extensive  works  executed 
during  the  present  century,  do  not 
admit  of  navigation  with  the  current 
without  risk;  it  is  moreover  only 
possible  for  some  75  days  in  the 
year.  Against  the  current  navigation 
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rapids.  The  draught  of  the  hoats  is  impossible,  only  small  craft  being 
may  be  1.83  m.,  the  engines  of  the  able*  to  use  the  canals  on  the  rapids, 
steamers  are  of  400  horse  power,  and 
the  capacity  of  the  boats  is  1.000  tons. 
It  is  true  that  the  rapids  hinder 
navigation  and  even  stop  it  tempor- 
arily, but  out  of  the  275  days  during 
which  navigation  is  possible,  on  an 
average  for  158.  days  boats  drawing 
1.50  m.  are  able  to  pass  the  rapids. 

(n.)  Begulation  of  the  rapids  necessary  for  navigation. 

Two  metres  at  low  water  for  all  Five  feet  (1.52  m.)  at  low  water 
the  rapids  except  the  last,  the  Iron  and  the  possibility  of  ascending  the 
Glates,  for  which  3  m.  is  demanded,    river  with  safety  and  economy. 

§  25.    Essential  differences  between  the  rapids  on  the  Danube  and 

those  on  the  Dnieper. 

The  comparative  examination  of  the  rapids  on  the  Dnieper  and  those 
on  the  Danube  leaves  no  doubt  with  regard  to  the  relative  difficulties 
which  both  present  to  navigation. 

The  fact  noticed  in  the  preceding  paragraph,  namely  that  there  has 
been  active  navigation  for  centuries  against  the  current  on  the  Danube 
and  that  the  same  has  been  impossible  in  spite  of  extensive  regulation 
works  on  the  Dnieper,  alone  suffices  to  show  that  the  latter  in  its  diluvial 
section  is  a  more  powerful  enemy  than  the  Danube. 

This  conclusion  is  only  too  well  confirmed  by  the  results  furnished  by 
the  above  comparison. 

It  has  been  shown  that : 

the  length  of  the  section  occupied  by  the  rapids,  rocks  and  obstacles  in 
general  is  greater  for  the  Dnieper  than  for  the  Danube  (§  24,  a,  6); 

the  depth  at  low  water  is  much  less  in  many  places  on  the  Dnieper 
than  is  met  with  in  the  shallowest  places  in  the  rapids  on  the  Danube  {d) ; 

the  total  incline  of  the  rapids  on  the  Dnieper  is  nearly  50  %  and 

the  average  incline  100  \  more  than  on  the  Danube  (e) ; 

the  maximum  incline  of  the  rapids  on  the  Dnieper  is  150  %  more  than 
the  maximum  on  the  Danube  (/); 

the  maximum  velocity  is  in  many  places  greater  than  the  maximum  on 
the  Danube  (g); 

the  variations  in  the  discharge  of  the  Dnieper  (from  1  to  30  and  even  60) 
are  infinitely  more  considerable  than  on  the  Danube  (h)] 

the  floods  on  the  Dnieper  are  nearly  double  of  those  on  the  Danube  (Jc)\ 
and  finally 

winds  render  the  passage  of  the  rapids  on  the  Dnieper  most  dangerous 
and  frequently  impossible,  while  on  the  Danube  they  are  at  the  worst 
inconvenient 
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There  would  therefore  be  a  risk  of  falling  into  error  if  we  proposed  to 
apply  to  the  Dnieper  the  system  of  regulation  adopted  for  the  rapids  on 
the  Danube  without  a  scrupulous  analysis  of  all  the  physical  divergencies 
between  the  two  rivers,  as  well  as  of  the  requirements  of  navigation  in 
either  case. 

§  26.    Aim  of  the  proposed  regulation. 

We  have  already  said  that  at  present  the  rapids  on  the  Dnieper  only 
allow  of  navigation  with  the  current.  Still  this  is  only  possible  during  a 
very  short  period  and  it  is  always  dangerous.  Five  per  cent  of  the  total 
number  of  boats  with  their  cargoes  are  lost  every  year.  The  boats,  once 
they  have  descended  the  rapids  cannot  return  to  the  ports  from  which 
they  start.  They  can  be  used  for  only  one  journey,  a  circumstance  which 
puts  an  enormous  tax  on  goods.  No  serious  improvement  therefore  in  the 
construction  of  the  boats  is  possible. 

The  regulation  of  the  rapids  therefore  should  do  away  with  or  diminish 
the  causes  which  render  the  ascent  impossible  and  the  descent  so 
dangerous  for  boats. 

These  causes  are: 

the  sinuosity  of  the  channel, 

the  insufficient  depth, 

the  insufficient  width, 

the  rapidity  of  the  current  and  the  abruptness  of  the  inclines  in  the 
rapids, 

the  irregularity  in  the  direction  of  the  current,  frequently  oblique  to 
the  general  direction  of  the  channel, 

the  influence  of  winds. 

With  regard  to  the  depth  which  should  now  be  obtained  on  the  rapids 
of  the  Dnieper,  in  order  that  navigation  may  be  not  only  safe  but  econo- 
mical in  both  directions,  it  is  determined  by  the  following  considerations. 

Boats  from  Berislav-Kakhovka,  where  the  maritime  portion  of  the  Dnieper 
commences,  should  be  able  to  ascend  the  river  as  far  as  Ekaterinoslav 
and  farther;  not  only  the  boats  which  navigate  to  day  upon  the  Lower 
Dnieper,  but  also  those  which  will  be  able  to  navigate  when  the  depth 
on  the  Lower  Dnieper  shall  be  5  feet  on  the  shoals,  and  it  is  hoped  that 
this  depth  will  be  obtained. 

It  would  also  seem  indispensable  to  increase  the  depth  of  the  channel 
to  5  feet  in  the  diluvial  section  between  Ekaterinoslav  and  Alexandrovsk. 

§  27.    General  discussion  of  the  systems  of  regulation  and  the  division 

of  the  rapids  into  categories. 

Various  methods  may  be  adopted  for  the  creation  of  a  channel  suffi- 
ciently straight,  wide  and  deep  with  a  suitable  incline  and  velocity  of 
current. 


a  H 
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The  universal  method,  which  can  always  be  adopted  and  which  always 
gives  certain  and  unquestionable  results,  is  to  build  locks. 

The  most  superficial  observation  however  suflSces  to  show  that  the 
adoption  of  this  method  for  a  river  of  the  size  of  the  Dnieper  would 
require  a  most  enormous  outlay. 

Moreover  the  adoption  of  such  a  method  would  not  always  be  in 
keeping.  The  shoals  of  rock  which  form  the  rapids  are  in  fact  natural 
dams  which  divide  the  diluvial  section  into  a  number  of  reaches  the  depth 
of  which  is  for  the  most  part  sufficient  even  at  low  water. 

It  would  seem  therefore  that  as  the  dam  is  already  formed  by  nature 
it  only  remains  for  art  to  find  the  means  of  passing  this  dam  from  one 
reach  to  the  other. 

This  may  be  efiTected  either  by  a  simple  deepening  of  the  channel  over 
the  rapid,  or  by  means  of  a  diked  canal  or  by  a  lock. 

There  are  several  ways  of  adopting  these  different  methods. 

As  we  have  seen  upon  the  Dnieper  itself  the  construction  of  locks,  the 
cutting  of  canals  and  the  removal  of  rocks  from  the  bottom  have  been 
attempted. 

In  Sweden  on  the  western  branch  of  the  Grotha  canal,  formed  partly 
by  the  Gotha-Elf  river,  there  are  very  considerable  falls,  which  furnish 
an  example  of  the  adoption  of  locks  on  a  large  scale. 

In  America  the  branch  canal  of  the  rapids  of  Sault  St  Marie,  on  the 
St  Marie  river  between  lakes  Superior  and  Huron,  has  a  lock  through 
which  10,000  boats  pass  every  year. 

FinaUy  on  the  Danube,  where  the  regulation  of  the  rapids  is  still  in 
the  course  of  execution,  it  has  not  been  thought  possible  to  make  use  of 
locks.  It  has  been  sought  to  create  a  safe  and  deep  channel' by  the  direct 
removal  of  rock  from  the  bed  of  the  four  upper  rapids  accompanied  by 
a  partial  contraction  of  the  bed  and  an  open  canal  for  the  Iron  Gates. 

Which  system  is  to  be  preferred  for  the  future  works  upon  the  Dnieper? 

We  think  all  three  must  be  admitted. 

In  our  opinion  in  rapids  with  a  slight  fall  and  incline,  when  the 
principal  defect  lies  in  the  insufficient  depth  in  the  channel,  a  very  con- 
siderable improvement  may  be  effected  by  a  direct  removal  of  rock  from 
the  bottom. 

As  was  proved  by  the  experiments  made  upon  the  Dnieper  in  the  Old 
Kodak  rapid  (§  21)  in  1884—86,  there  is  no  occasion  to  fear  that  such 
an  increase  in  the  depth,  if  it  extends  over  but  a  small  portion  of  the 
width  of  the  river,  will  be  accompanied  by  any  considerable  lowering  of 
the  water  level,  either  in  the  rapid  or  with  less  reason  in  the 
reach  above. 

It  is  hardly  possible  to  fix  an  absolute  limit  of  incline  up  to  which 
only  a  deepening  of  the  channel  is  necessary. 

The  following  inclines  are  met  with  on  the  Danube: 
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0  391 
in  the  Stenka  rapid '        =  0.000357  per  M. 

in  the  Kozla-Dojke  rapid.     .    .    .    ^^-  =  0.00099 

2  041 
in  the  Izlas-Tachtalia-Greben  rapid      '  ^^  =  0.00129 


jj    » 
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This  limit  is  therefore  about  one  in  a  thousand  for  the  above  rapids, 
especially  if  the  last  is  not  included,  as  the  contraction  of  the  bed  by 
means  of  a  dike  complicates  the  situation. 

We  think  also  that  it  is  undesirable  to  go  much  further.  The  obser- 
vations taken  with  regard  to  the  velocity  of  the  current  prove  that  in 
these  conditions  the  maximum  velocity  is  not  more  than  6  feet  (1.83  m.) 
per  second. 

On  the  other  hand  it  is  shown  by  calculation  that  the  incline  of  the 
diked  canals  should  not  be  much  more  than  one  in  a  thousand  for  the 
limit  of  6  feet  which  is  not  to  be  exceeded. 

It  would  therefore  be  necessary  to  remove  the  rock  directly  from  the 
bottom  in  the  Lishni  rapid  and  in  the  numerous  zabores  (ridges  of  rock 
with  a  slight  incline). 

However,  the  reach  between  the  Nenassytetski  and  Volnigski  rapids, 
where  the  zabores  are  close  together  and  where  the  depth  at  low  water  is 
exceptionally  small,  appears  to  require  a  special  study,  in  order  to  discover 
whether  it  might  not  be  possible  to  reduce  the  expense  which  the  removal 
of  rock  from  the  bottom  of  this  section  would  entail  by  building  either  a 
locked  dam  or  dikes  to  contract  the  river-bed  like  those  of  Greben  and 
Jucz  on  the  Danube. 

To  return  to  the  remaining  eight  rapids  (leaving  the  Lishni  out  of 
account),  it  remains  to  group  them  according  to  the  two  difterent  solu- 
tions: locks  and  open  canals. 

If  on  the  one  hand  the  adoption  of  locks  is  a  method  which  applies  to 
every  case,  it  is  on  the  other  hand  excessively  expensive  and  the  cost  is 
out  of  proportion  to  the  importance  of  the  fall. 

With  regard  to  open  canals,  if  the  Iron  Gates  may  be  taken  as  an 
example,  it  would  seem  that  they  can  be  adopted  in  rapids  of  any  size. 
Thus  in  the  Iron  Gates  a  canal  of  this  class  regulates  a  rapid  with  a 
fall  of  3.42  m.  and  an  average  incline  of  0.00247.  This  however  is  only 
the  case  within  certain  limits.  Too  great  a  velocity  is  allowed  in  the 
canal  or,  in  order  that  advantageous  conditions  may  be  established  for 
navigation,  the  canal  is  made  so  large  that  the  prime  cost  is  increased. 

It  is  therefore  evident  that  the  choice  between  a  lock  and  a  canal  does 
not  admit  of  a  general  solution. 

It  the  fell  is  abrupt  and  violent,  the  lock,  serving  the  same  commercial 
movement,  may  cost  much  less  than  the  canal. 

For   less  considerable  falls,    especially   if  the  rapid  is  long,  the  initial 


61 

expenses  for  the  canal  may  on  the  contrary  be  considerably  less  than 
the  cost  of  the  lock. 

The  limits,  within  which  each  system  is  available,  depend  essentially  on 
local  circumstances,  and  these  limits  are  extremely  complex  depending  on 
the  total  fall  and  the  length  of  the  rapid,  or  on  the  average  fall  as  well 
as  on  the  cost  of  the  items  in  the  construction. 

For  the  Dnieper  this  limit  seems  to  be  a  fall  of  2  m.  and  an  average 
incline  on  the  rapid  of  2  mm.  per  metre. 

Therefore  the  Nenassytetski,  Volnigski  and  Vilny  rapids,  which  each 
have  a  fall  of  more  than  2  m.  and  an  incline  of  more  than  2  mm.  per 
metre,  should  be  regulated  by  means  of  locks. 

The  Sourski  and  Boudilovski  rapids,  which  have  a  fall  of  less  than 
1  m.  require  on  the  other  hand  the  creation  of  open  canals. 

Finally  the  two  rapids  liokhauski  and  Zvonetski,  having  a  fall  more 
than  1  m.  and  less  than  2  m.,  will  be  the  subject  of  a  comparative  study 
in  order  that  a  decision  may  be  arrived  at. 

This  study  should  by  no  means  be  confined  to  the  comparison  of  the 
cost  of  first  establishment,  but  should  also  include  considerations  on  the 
technical  and  commercial  working  expenses  in  the  widest  acceptation  of 
these  terms. 

§  28.    Canals. 

As  we  remarked  in  §  27,  there  are  among  the  rapids  on  the  Dnieper 
some  whose  fall  is  not  more  than  2  m.  In  these  rapids  it  is  evidently 
possible  to  make  open  canals,  which  would  cost  considerably  less  than 
locked    canals  and   would  furnish  almost  equal  advantages  to  navigation. 

The  possibility  of  such  a  result  was  shown  by  commissions  on  the 
scheme  for  the  regulation  of  the  rapids  on  the  Danube. 

Thus  for  instance  according  to  the  scheme  of  the  commission  of  1874, 
the  open  canal  in  the  Iron  Gates  rapid  would  only  have  cost  about 
fr.  4,000,000,  while  the  cost  of  a  locked  canal  in  the  same  rapid  was 
estimated  by  the  commission  of  1879  at  fr.  12,000,000  (1). 

It  is  true  that  the  commission  of  1874  allowed  of  a  velocity  of  as  much 
as  4  m.  and  more  per  second  in  the  canal,  which  would  be  impossible 
on  the  Dnieper;  but  on  the  other  hand  those  who  advocate  canals  point 
out  that  the  comparatively  rustic  work  of  building  an  open  canal  with 
dikes  on  each  side  costs  much  less  in  Russia  than  abroad,  where  as  with 
regard  to  the  more  delicate  work  necessary  for  locks  the  reverse  is 
the  case. 

Besides  the  economical   reasons  with  respect  to  the  first  establishment 


(1)   Y.    ActenstUcke  zur  Regulirung  der  Stromschnellen  der  Donau  iwischen  Moldova 
und  Tum-Severin,  Wien,  1880,  pp.  89,  124. 
(,2)  Loc.  cit.  pp.  86,  87. 
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of  canals  in  rapids  with  a  medium  fall,  there  are  also  many  other  reasons 
which  make  them  preferable  to  locks.  It  is  therefore  evident  that  the 
maintenance  and  working  of  an  open  canal  cost  less  than  for  a  locked 
canal;  that  locks  cause  far  more  hindrance  to  navigation  and  do  not 
admit  of  the  same  amount  of  traffic,  especially  when  navigation  down 
stream  predominates,  etc. 

Finally  there  is  another  special  reason  for  preferring  canals  to  locks, 
a  reason  which  only  applies  to  the  Dnieper,  but  which  nevertheless 
merits  our  attention. 

As  the  rapids  still  make  navigation  impossible  against  the  current, 
many  people  think,  as  appeared  at  the  last  national  inland  navigation 
congress  in  Russia  (held  at  St.  Petersburg  at  the  commencement  of  the 
present  year)  that,  even  after  the  disappearance  of  the  main  obstacles 
which  the  rapids  offer,  a  shipping  movement  up  stream  of  any  impor- 
tance,  at  least  at  first,  cannot  be  depended  upon. 

For  the  first  few  years  after  the  regulation,  according  to  the  opinion 
of  the  authorised  representatives  of  the  navigation  on  the  Dnieper,  no 
other  navigation  up  stream  cau  be  expected  except  empty  boats,  such  as 
are  at  present  broken  up  after  their  arrival  at  their  destination. 

It  therefore,  these  critics  affirm,  it  is  proposed  to  effect  from  the  com- 
mencement a  complete  regulation  of  the  rapids  in  question,  it  will  be 
necessary  to  run  the  risk  of  laying  out  a  sum  of  money  out  of  proportion 
to  the  utility  immediately  realised.  The  government  might  thus  overreach 
the  end  in  view,  which  should  at  first  meet  simply  the  actual  require- 
ments without  burdening  the  budget  with  expenses  which  could  only 
serve  for  the  distant  future. 

It  this  view  of  the  case  is  admitted,  another  argument  in  favour  of 
open  canals  is  added. 

An  open  canal  admits  of  a  certain  elasticity  with  regard  to  the  expenses 
it  entails.  Being  appropriate  only  to  actual  requirements  it  can  be 
enlarged  subsequently  in  proportion  to  the  development  of  navigation. 
The  dikes  of  an  open  canal  can  be  lengthened  or  raised,  the  incline  may 
be  reduced  and  the  depth  increased.  As  much  may  be  said  of  the  width, 
even  when  the  bank  of  the  river  takes  the  place  of  a  second  dike. 
Moreover  nothing  prevents  of  locks  being  subsequently  added,  if  the  need 
of  it  is  felt. 

Canals  thus  allow  of  the  distribution  over  a  certain  length  of  time  of 
the  outlay  necessary  for  the  regulation  of  the  rapids  on  the  Dnieper. 

All  these  reasons  demand  the  study  of  the  requisite  conditions  for  open 
canals  in  some  of  the  rapids  on  the  Dnieper  (1). 

The  canals  will  be  cut  in  the  riverbed  itself. 


(1)    The   canals   in   the   rapids   have   been   studied   by  as  in  collaboration  with  M.M. 
Kandiba,  engineer  of  Ways  of  communication,  and  Packievicz,  Anc  E.  Ec.  P.  Gh. 
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They  should  he  near  the  bank  which  allows  of  the  length  of  the  dike 
being  as  small  as  possible  and  the  incline  as  uniform  as  possible  throughout 
the  length  of  the  canal. 

The  advantages  realised  by  this  arrangement,  in  comparison  with  the 
system  of  placing  the  canal  in  the  middle  of  the  river,  have  been  con- 
firmed by  the  commissions  which  were  charged  at  diSerent  times  to 
study  the  scheme  for  the  regulation  of  the  rapids  on  the  Dnieper. 

Thus  the  commission  of  1874  remarked  with  reason  „that  it  would  not 
„be  impossible  to  make  a  diked  channel  in  the  central  part  of  the  river, 
„but  it  would  be  much  more  difficult  and  expensive  than  near  the  banks; 
^moreover  the  two  dikes  in  the  middla  of  the  river  would  cause  great 
jjconfusion  at  times  of  high  water".  (1)  The  commission  of  1879  confirms 
this  opinion  and  adds  that  „the  canal  in  the  middle  of  the  river  would 
„not  regulate  the  bed  of  the  low  waters.  It  would  in  fact  meet  with 
„either  high  ridges  or  deep  hollows.  The  lowering  of  one  ridge  would 
„only  carry  the  fall  to  the  ridge  above  and  a  considerable  quantity  of 
„rock  would  have  to  be  removed  on  the  upper  falls.  We  will  not  insist 
„on  this  point,  for  all  agree  that  a  channel  in  the  centre  of  the 
„Danube  should  not  be  adopted." 

Whereover  the  surface  of  the  river  or  the  natural  formation  of  the 
banks  do  not  admit  of  the  dike  along  the  bank  being  completely  done 
away  with,  it  might  perhaps  be  built  only  for  a  certain  distance,  at  the 
beginning  and  end  of  the  canal.  In  this  way  a  partial  increase  in  width 
might  be  allowed  in  the  intermediate  portions  of  the  canals,  an  increase 
which  in  certain  circumstances  might  be  more  useful  than  otherwise  to 
navigation.  In  fact  an  increase  in  width  for  a  short  distance,  followed  by 
a  contraction,  may  be  accompanied  by  a  rise  in  the  level;  (2)  also  the 
velocity  of  the  current  being  in  inverse  ratio  to  the  area  of  the  transverse 
section,  with  respect  to  a  constant  discharge,  and  the  resistance  which 
boats  offer  to  traction  decreasing  in  proportion  to  the  increase  in  the 
transverse  section  of  the  canal,  a  partial  increase  in  width  would  facilitate 
traction,  serve  as  a  siding  or  passing  station,  etc. 

As  to  the  velocity  of  the  current,  it  should  not  be  more  than  about  6 
feet,  or  1.83  m.,  per  second,  and  it  is  proposed  in  the  future  to  reduce  it 
as  far  as  possible. 

The  length  of  the  canals  should  at  least  be  such  that  the  mean  incline 
is  not  much  over  0.001  per  metre  a  figure  we  are  inclined  to  consider  as 
the  maximum   limit   for  navigable  rivers.  (3)  But  provisionally,  perhaps, 


(1)  Actenstficke  zur  Regulirung  der  Stromschnellen  der  Donau  zwischen  Moldova  und 
Turn-Severin,  Wien,  1880,  p.  85. 

(2)  See  f.  i.  Cours  dChydraulique  by  M.  Flaraaut.  p.  273. 

(3)  Elie   de    Beaumont,   Legom    df hydraulique^    torrents,    rivieres,    fleuves,   valUes^ 
Gours  professie  au  Collie  de  France.  Paris,  1869. 
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more  pronounced  inclines  will  be  tried,  without  probably  adopting  an 
incline  of  more  than  0.002  per  metre,  which  is  more  or  less  the  limit 
between  torrents  and  river?  (1). 

As  regards  the  depth  in  the  passages  over  the  rapids  on  the  Dnieper, 
it  is  thought  that  for  the  present  not  more  than  5  feet  (English),  or 
1.624  m.,  below  the  low  water  level  of  1892  can  be  obtained,  for  it  would 
be  impossible  to  realise  at  once  a  greater  depth  between  the  rapids 
without  an  excessive  outlay. 

This  depth  moreover  depends  upon  the  state  of  the  Dnieper  below 
Alexandrowsk,  as  we  pointed  out  in  §  26. 

The  width  of  the  canals  is  determined  by  the  following   considerations. 

To  give  greater  freedom  of  movement  to  boats,  as  well  as  greater  faci- 
lity to  traction,  there  would  be  some  advantage  in  increasing  the  width 
of  the  canals  (2). 

But  on  the  other  hand  with  the  increase  in  the  width,  the  velocity 
and  especially  the  volume  of  water  necessary  to  feed  the  canal,  also 
increases,  although  these  elements  increase  more  particularly  with  the 
depth,  while  the  width,  as  is  well  known,  has  less  influence. 

As  we  have  already  seen,  the  greater  number  of  the  canals  made  in 
the  rapids  on  the  Dnieper  (§  22)  between  1843  and  1854  for  the  descent, 
have  a  width  of  15  sagfenes  (32  m.)  on  the  bottom.  This  width  is  very 
small,  as  among  the  boats  which  navigate  the  Dnieper  there  are  some 
which  have  a  breadth  of  beam  of  9  sag^nes  (19.2  m.).  Although  the 
number  of  boats  having  this  exceptional  width  is  very  limited,  the  width 
of  15  sag^nes  at  the  bottom  is  considered  insufficient  and  there  is  a 
general  tendency  to  admit  a  greater  width  for  the  canals  intended  for 
the  use  of  navigation  against  the  current. 

In  the  canals  through  the  Iron  (rates  on  the  Danube  a  width  on  the 
bottom  of  80  m.  (about  38  sag^nes)  was  admittect,  with  a  depth  of  2  m. 
below  low  water  level  (3). 

Such  dimensions  can  not  be  adopted  on  the  Dnieper. 

With  a  width  on  the  bottom  of  15  sagfenes,  a  depth  of  5  feet  and  an 
incline  in  the  bed  of  0.001,  a  velocity  of  0.93  sagfeues,  or  about  2  m. 
and  a  discharge  of  about  16  cubic  sag^nes  (155  cub.  m.)  would  be 
obtained. 

This  discharge  is  relatively  great,  since  the  total  discharge  of  the  river 
at  low  water  is  only  about  30  sagSnes.  But  there  is  reason  to  believe 
that  the  actual  discharge  would  be  much  less  than  what  we  have  indicated. 


(1)  See  Bazin,  Recherches    hydrauliques. 

(2)  See  Du  Buat,  Principes  cChydraulique^  Srd  part. 

(3)  Bella   de   Gonda.  Les  Cataractes  du  Danube,  Paris,  1892.  —  The  depth  has  since 
been  increased  to  3  m.,  which  has  reduced  the  width  on  the  bottom. 


65 
In    fact    to    find    this    discharge,     the    coefficient    c    in    the    formnla 

was  calculated  according  to  the  formula  of  Ganguillet  and  Kutter  by 
taking  for  the  coefficient  of  friction  n  =  0.02,  a  value  which  has  refe- 
rence to  walls  of  rough  unhewn  stones. 

The  numerous  observations  taken  on  the  canals  on  the  Dnieper 
prove  that  the  actual  velocity  is  much  less  than  it  ought  to  be  if  the 
above  formulae  and  the  coefficients  correspond  to  the  state  of  the  case. 
A  series  of  calculations  made  for  the  canal  in  the  Insatiable  and  Libre 
rapids  seems  to  prove  that  the  coefficient  c  in  the  formula. 


is  about  20  for  measurements  in  sag^nes  and  39  for  measurements  in 
metres,  while  its  value  for  n  =  0.02,  according  to  the  formula  of  Gan 
guillet  and  Kutter,  would  be  37  for  measurements  in  sagfenes  and  54  for 
measurements  in  metres. 

The  discharges  of  the  canals  destined  for  ascending  navigation  there- 
fore will  be  unquestionably  less  than  the  calculations  indicate.  If  it  is 
observed  also  that  the  state  of  low  water,  for  which  the  proportion  seemed 
unfavourable,  is  quite  exceptionable  and  that  with  the  average  depth  the 
discharge  of  the  Dnieper  is  about  50.3  sagfenes,  it  will  be  evident  that  the 
creation  of  canals  20  sagSnes  (42.6  m.)  wide  on  the  bottom  with  au  incline 
of  0.001  per  metre  is  quite  possible. 

At  high  water  the  velocity  of  the  current  will  naturally  be  much  greater, 
as  the  following  formula  indicates  approximately : 


V  =  a  ^Z  h  i 
or 


If  h  represents  the  ratio  between  the  discharges  at  high  and  low  water, 
m  the  ratio  between  the  mean  inclines  and  a  the  ratio  between  the  varia- 
tions in  velocity  in  the  same  states  of  the  river,  it  is  easy  to  see  that 


For  the  Dnieper  we  may  put  fc  =  30  (§  2);  m  varies  within  very  wide 
limits,  from  1  to  10,  for  the  different  rapids  (§  6),  Putting  m  =  1,  we 
have  for  this  case,  the  most  unfavourable, 

a  =  2.02. 

It  will  always  be  possible  to  keep  within  this  maximum,  for  it  can  be 
arranged  so  that  the  discharge  of  the  canal  shall  increase  less  in  propor- 
tion to  the  quantity  of  water  in  the  river. 

J>B  TnCONOFT.  5 
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The  dikes  shauU  be  composed  of  the  stone  removed  from  the  channel. 
They  shall  have  a  width  at  the  top  of  1  to  2  sag^nes  (about  2.10  to 
4.20  m.);    the  talus  shall   have   a  height  of  1  m.  for  each  metre  of  base. 

With  regard  to  the  height  of  the  dikes,  it  would  be  difficult  to  fix  it 
absolutely.  Dikes  that  are  too  low  will  only  have  a  limited  influence  on 
the  distribution  of  the  incline  and  the  moderation  of  the  velocity  when 
tlie  water  is  high.  But  the  extent  of  the  variation  in  the  level  of  the 
Dnieper  is  more  than  9  m.  The  dikes  would  therefore  have  a  very  fair 
height  if  they  were  raised  above  the  high  water  level. 

This  level  however  is  exceptional,  and  the  floods  on  the  Dnieper,  which 
only  occur  once  a  year,  in  the  month  of  April,  last  for  a  very  short  time. 

These  data  therefore  are  sufficient,  after  making  a  series  of  observations, 
to  fix  a  height  for  the  dikes  which  it  would  be  of  little  use  to  exceed. 

§  29.    Projected  locked  passages. 

tn  the  rapids  which  have  a  considerable  fall  and  would  require  canals 
more  than  1  or  2  km.  in  length,  and  especially  if  the  fall  is  concentrated 
and  the  rapid  is  of  limited  extent,  a  locked  canal  may  be  more  econo- 
mical than  an  open  canal. 

In  these  conditions  are  included  the  creation  of  locked  passages,  the 
principles  of  which  we  will  here  briefly  explain  (1).  The  locked  passages 
will  be  near  the  bank  the  approach  to  which  is  most  easy  and  the  locks 
will  as  far  as  possible  be  placed  below  the  rapid,  in  order  to  reduce  the 
work  of  excavation,  which  is  very  expensive  in  consequence  of  the  ex- 
tremely rocky  nature  of  the  bed.  Instead  of  building  two  leading  dams 
one  on  either  side  of  the  locked  canals,  which  is  the  usual  thing  to  do, 
only  one  will  be  built  wherever  local  circumstances  will  allow  of  it  and 
the  neighbouring  bank  can  take  the  place  of  the  other  dike.  In  this  man- 
ner a  certain  economy  may  be  realised  which  promises  often  to  be  very 
considerable,  thanks  to  the  form  of  the  banks  which  in  most  cases  is 
favourable. 

By  this  arrangement  other  advantages  will  be  obtained  which  will  be 
treated  of  later. 

Generally  it  is  sought  to  avoid  all  current  in  the  lock-chambers  as  well 
as  in  the  canals  approaching  them,  except  such  as  are  inevitably  pro- 
duced each  time  they  are  opened.  But  in  the  special  case  which  occupies 
us,  the  absolute  absence  of  current  in  the  canal  approaching  the  lock 
might  cause  some  inconvenience.  The  current  of  the  river,  which  becomes 
stronger  as  the  rapid  is  approached,  being  unable  to  pass  through  the 
canal  must  necessarily  turn  away  from  the  entrance,  which  the  boat 
might  fail  to  fetch  and  thus  be  lost  in  the  rapid,  the  more  easily  the 
more  oblique  the  current  is  to  the  entrance  of  the  canal. 

(1)   We    have   stndied  the  locked  passages  in  collaboration  with  M.  P.  B£Ri:siNE,  engi- 
neer of  Ways  of  Communication. 
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In   order   to   avoid  this  inconvenience  it  would  be  desirable  to  allow  a 
certain  amount  of  current  in  the  canal  leading  to  the  lock. 
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Fig.  57.  —  Projection  of  the  proposed  works  for  the  passage  of  the  Insablable. 


We  therefore  propose  to  build  in  the  canal  above  the  lock  a  weir  B 
which  will  give  a  certain  discharge  corresponding  to  the  discharge  at  the 
entrance  to  the  canal  leading  to  the  lock  (fig.  57). 

In  order  to  be  able  to  regulate  this  discharge  according  to  the  variations 
in  the  level  of  the  water,  the  width  of  the  weir  may  be  varied  by  means 
of  movable  shuttings.  The  discharge  will  thus  be  regulated  so  that  at  the 
entrance  to  the  canal  leading  to  the  lock  there  will  be  no  eddy  capable 
of  causing  a  cross  current,  but  there  will  on  the  contrary  be  a  current 
sufficiently  strong  (without  however  causing  inconvenience)  to  facilitate  the 
movements  of  boats  entering  the  canal. 

When  navigation  ceases,  the  weir  may  be  completely  closed,  so  that 
there  may  be  no  current  when  the  ice  breaks  up;  the  ice  is  thus  preven- 
ted from  entering  the  canal  and  the  protection  of   the   works  is   secured. 
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It  is  evident  from  what  has  been  said  that  the  dike,  which  with  the 
bank  forms  the  canal  leading  to  the  lock,  need  only  be  water-tight  if  it 
is  certain  that  the  filtrations  will  not  be  greater  than  the  charge  available 
for  feeding  the  canal.  As  there  is  no  certainty  of  this  we  propose  to  make 
the  dikes  water-tight.  As  regards  the  position  of  these  dikes,  it  is  to  be 
remarked  that  they  will  not  be  parallel  to  the  bank.  We  prefer  that  the 
dike  should  make  a  certain  angle  with  the  latter  so  that  the  canal  leading 
to  the  lock  gradually  widens  out  in  a  down  stream  direction.  By  this 
arrangement  it  is  intended  to  gradually  diminish  the  velocity  of  the 
current  in  the  canal  and  thus  to  reduce  to  a  minimum  the  inconvenience 
which  this  velocity  might  present  to  navigation  in  a  locked  canal. 

The  locks  will  be  able  to  receive  boats  whatever  the  condition  of  the 
water  may  be.  The  filling  and  emptying  of  them  will  be  assured  by 
means  of  aqueducts  in  the  side  walls  which  communicate  with  the  lock 
chamber  by  a  series  of  openings  along  the  bottom.  The  advantages  of 
this  mode  of  filling  are  too  well  known  for  it  to  be  necessary  to  dwell 
upon  it  here.  We  will  only  remark  that  to  obviate  as  far  as  possible  the 
action  of  the  water  on  the  hulls  of  the  boats,  which  are  often  very  lightly 
built,  we  have  thought  it  desirable  to  place  the  apertures  much  lower 
than  is  usual  and  to  increase  the  number  of  them  rather  than  to  make 
them  too  large. 

The  sills  will  be  of  a  depth  of  8  feet  (2.44  m.)  below  the  water  level 
of  1892.  It  is  greater  than  the  depth  to  which  it  is  proposed  to  increase 
the  navigable  channel  in  the  near  future.  But  in  projecting  works  of  such 
a  costly  nature  is  it  not  essential  to  take  into  account  the  requirements 
of  a  more  distant  future  ? 

The  other  dimensions  of  the  locks  have  been  fixed  in  accordance  with 
the  dimensions  of  the  boats  which  navigate  the  Dnieper  and  the  navigable 
passages  in  the  bridge  of  Kiev. 

The  length  of  the  lock-chamber  is  90  sagenes  (192  m.) ;  it  can  conse- 
quently receive  a  train  composed  of  three  of  the  longest  boats  that  are 
met  with  on  the  Dnieper. 

A  greater  length  in  the  chambers  could  only  be  useful  in  certain 
cases,  while  on  the  other  hand  if  would  rather  tend  to  hinder  navigation 
as  it  would  increase  the  time  necessary  for  filling  in  ordinary  cases. 

The  width  of  the  lock-chambers  will  be  7  sagenes  (14.94  m.) 

The  gates  for  closing  the  locks  will  have  only  one  leaf.  We  have 
adopted  this  arrangement,  because  it  presents  several  advantages  over  the 
use  of  mitred  lock  gates.  They  are  more  simply  and  more  easily  handled, 
they  exercise  no  pressure  on  the  side-walls  and  the  forces  are  distributed 
over  them  more  regularly.  The  greater  the  opening  and  more  considerable 
the  forces  to  be  withstood,  the  more  pronounced  are  these  advantages. 

The   opening   as   well  as   the   closing  of  the  leaf  will    be   effected   by 


69 

rotation  round  a  vertical  heel-post.  This  arrangement  is  better  adopted  to 
the  circumstances  than  any  other. 

The  working  of  the  gates,  as  well  as  the  traction  of  the  boats  at  their 
entrance  to  and  exit  from  the  lock-chamber,  will  be  managed  by  means 
of  suitable  apparatus  which  will  be  moved  by  the  motive  power  of 
the  fall. 

To  complete  this  sketch  of  the  arrangements  adopted  for  the  locked 
passages,  we  have  to  add  that  we  endeavour  to  utilise  as  far  as  possible 
the  works  already  in  existence,  while  it  is  sought  to  leave  the  old  natur- 
ally navigable  channel  intact. 

Thus  for  the  Insatiable  we  have  arranged  to  build  the  lock  on  the 
site  of  the  old  lock  of  General  db  Wollant,  making  use  of  the  excava- 
tion already  effected. 

With  regard  to  the  details  of  the  arrangements  adopted,  they  are  made 
sufficiently  clear  by  the  sketches  of  the  plan  drawn  up  by  us  for  the 
new  lock  on  the  Insatiable,  (figs.  58 — 64). 
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§  30.    Mechanical  traction  of  boats  and  utilisation  of  tlie  motive 

power  of  tiie  rapids. 

No  method  of  regulating  the  navigable  channel  in  the  diluvial  section 
of  the  Dnieper  would  ensure  complete  safety  for  navigation  during  a  cross 
wind,  such  a  wind  by  driving  the  boat  against  the  rocky  talus  ot  the 
channel  might  be  the  cause  of  disaster. 

It  is  true  that  a  deep  and  wide  channel  is  certainly  a  considerable 
guarantee  in  this  respect,  both  in  consequence  of  the  protection  afforded 
to  the  boat  and  on  account  of  the  possibility  of  giving  the  motors  a 
sufficient  power  to  struggle  against  the  effects  of  the^  winds. 

It  seems  to  us  however  that  a  warping  cable  placed  in  the  channel 
would  be  a  useful  precaution,  not  to  speak  of  the  possible  economy  to 
be  derived  from  the  use  of  a  regular  warping  apparatus  throughout  the 
diluvial  section,  both  with  respect  to  the  working  of  this  section  and  the 
cost  of  first  establishment. 

It  goes  without  saying  that  the  motive  power  of  the  falls  formed  by 
the  rapids  should  be  utilised  as  far  as  possible  for  warping,  towing, 
lighting,  etc.  The  transmission  of  power  by  means  of  electricity  would  here 
be  of  the  greatest  service. 

§  31.    Experiments. 

Since  the  regulation  of  the  diluvial  section  of  the  Dnieper  necessitates 
the  extraction  of  a  large  quantity  of  rocks  in  an  excavation  of  compa- 
ratively little  length,  the  exact  determination  of  the  net  cost  presents 
considerable  difficulties. 

Although  the  works  that  have  been  carried  out  might  furnish  many 
elements  which  would  throw  light  upon  the  situation,  the  Minister  of  Ways  of 
Communication  thought  it  prudent,  before  making  any  definite  estimate, 
to  do  some  work  by  way  of  experiment  on  a  sufficiently  large  scale  to 
obtain  the  necessary  information. 

The  last  rapid,  the  Libre,  was  chosen  as  a  field  of  operation. 

The  trial  works  form  an  integral  part  of  the  works  projected  for  the 
regulation  of  this  rapid. 

The  scheme  elaborated  for  the  Libre  consists  in  making  a  locked  canal 
with  a  minimum  depth  of  5  Englisch  feet  (1.624  m.). 

The  site  of  the  canal  is  chosen  so  as  to  use  as  far  as  possible  the  old 
canal  which  is  cut  through  the  rapid  and  is  380  sag^nes  (811  m.) 
in  length. 

The  trial  excavations  in  the  rock  will  be  partly  excecuted  in  this  canal. 
In  this  manner  not  only  a  part  of  the  works  of  the  future  locked  canal 
will  be  completed  from  the  commencement,  but  with  a  comparatively 
small  outlay  a  sufficient  regulation  of  the  Libre  will  be  effected  to   £Etci- 
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litate    the    passage  of  this   rapid   for  descending   navigation,   which    at 
present  encounters  serious  difficulties. 

According  to  the  decisions  taken  by  the  Technical  Council  of  the 
Minister  of  Ways  of  Communication  it  seems  that  this  result  may  be 
realised,  if  the  entrance  to  the  canal  is  widened  and  lengthened  in  an 
up  stream  direction  and  the  bottom  is  dug  0.8  sag^ne  (1.71  m.)  below 
the  conventional  low  water  level. 

The  lengthening  of  the  dikes  will  be  effected  with  the  help  of  the 
stone  taken  from  the  excavation  and  this  will  only  admit  of  giving  to 
the  dikes  a  height  of  1.16  m.  above  the  conventional  low  water  level. 

In  order  to  study  the  net  cost  of  the  removal  of  rock  that  it  is  neces- 
sary to  effect  between  the  rapids  and  in  a  general  way  outside  the  dikes 
it  is  proposed  to  deepen  the  channel  below  the  Libre  in  such   a  manner 
as  to  regulate  the  present  passages  as  far  as  possible. 

The  trial  works  consist  in  the  extraction  of  something  like  20,000  cub.  m. 
of  rock. 

§  32.    Conclusions. 

Recapitulating  the  preceding  considerations  and  confining  ourselves 
to  general  conclusions  we  think  that  it  is  proved  that: 

1.  The  establishment  of  a  safe  and  economical  navigation  in  the  rapids 
on  the  Dnieper,  both  with  and  against  the  current,  is  a  necessity  for  the 
country. 

2.  The  regulation  of  the  rapids  on  the  Dnieper  by  means  of  works  in 
the  riverbed  itself  is  perfectly  possible  without  the  necessary  outlay 
being  out  of  proportion  to  the  sums  expended  on  similar  enterprises 
elsewhere  or  to  the  advantages  which  will  result  vrith  respect  to  the 
industry  and  commerce  of  the  country. 

3.  The  system  of  regulation  which  seems  most  suitable  to  the  rapids  on 
the  Dnieper  is  a  mixed  system  comprising  the  removal  of  rock  from 
the  bottom,  the  creation  of  open  canals  and  of  locked  passages,  each  of 
these  metods  of  regulation  to  be  adopted  by  preference  according  to  the 
importance  of  the  fall  and  the  length  of  the  rapid. 

4.  The  establishment  of  a  mechanical  system  of  traction  throughout  the 
section  of  the  rapids  would  not  only  facilitate  the  working  of  the  section 
but  would  also  diminish  the  relative  importance  of  the  fall  and  the 
length  of  the  rapid  and  would  allow  of  the  width  of  the  channel  being 
reduced. 

5.  The  using  of  the  fall  for  the  traction  of  boats,  working  of  lock  gates, 
lighting,  etc.,  and  the  transmission  power  by  electricity  appears  to  be 
desirable,  whatever  the  system  of  regulation  of  the  rapids  may  be. 
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It  would  hardly  be  possible  to  conclnde  this  report  without  doing 
hommage  to  the  memory  of  the  eminent  Dutch  engineer  whose  name  is 
placed  on  the  first  page. 

Called  upon  to  do  service  in  Russia  in  1787,  Francis  de  Wollant, 
who  had  the  rank  of  captain  of  engineers  in  the  Dutch  army,  had  in  the 
first  instance  a  brilliant  military  career  in  Russia.  He  took  part  in  the 
wars  with  Sweden  (1788)  and  Turkey  (1789),  built  fortifications  in  the 
south  of  Russia  and  in  (1797)  already  had  the  rank  of  major  general. 
During  this  first  period  of  his  service  in  Russia,  De  Wollant  distinguished 
himself  as  a  very  clever  engineer,  not  only  with  regard  to  military  oper- 
ations, but  also  in  works  which  were  necessary  for  the  development  of 
pacific  communications.  He  took  an  active  part  in  the  works  of  some 
towns  in  the  south  of  Russia,  the  construction  of  the  port  of  Odessa,  the 
study  of  the  Dnieper  and  the  Dnester.  Becoming  ill  in  1797  he  retired 
from  the  army,  but  was  almost  immediately  nominated  a  member  of  the 
Department  of  Ways  of  Communication.  It  is  thus  that  he  became 
specially  attached  to  the  development  of  ways  and  communications  with 
regard  to  which  he  rendered  the  greatest  services  and  obtained  the  highest 
honours. 

During  this  second  period  of  his  service  a  part  of  the  works  which  he 
had  devised  for  the  Dnieper  in  1796  were  executed. 

The  scheme  which  Db  Wollant  had  conceived  may  still,  after  a  century, 
be  of  the  greatest  service  to  whoever  is  called  upon  to  continue  the 
unfinished  work  for  the  regulation  of  the  rapids  on  the  Dnieper. 

And  we  are  extremely  happy  to  take  such  useful  lesson  from  the  work 
of  an  engineer  belonging  to  the  noble  Dutch  nation,  which  formerly 
offered  its  hospitality  to  one  of  the  greatest  monarchs,  who  studied  in 
Holland  the  art  of  building  canals  and  ships,  to  the  nation,  which  today 
so  graciously  receives  the  representatives  of  the  navigation  of  all  countries. 
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